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THE FOOD AND AGRICULTURE 
ORGANISATION 


ELATIVELY little publicity has been given in the 

Press or elsewhere to the activities of the Food 
and Agriculture Organisation, though from the various 
reports that it has issued a great deal of essential 
preliminary work has evidently been accomplished. 
A staff of highly competent experts has been tem- 
porarily on loan from Government departments and 
other international bodies for the purpose, though 
now a nucleus of permanent personnel is established, 
to which recruitment is to be made on as broad a 
geographical basis as possible. At the time of its 
inauguration in November 1945, responsibility for 
dealing with the immediate post-war world shortage 
of food was in the hands of international organisations 
such as the United Nations Relief and Rehabilitation 
Administration, the Combined Food Board and the 
Food and Agriculture Sub-committee. By the time 
that these bodies were due to go out of existence 
under the arrangements already made, it was hoped 
that the worst of the food shortage would be over, 
and that the new authority would start to develop 
its plans under conditions approximating to those of 
1939. Its first task was, therefore, to assess the 
pre-war position in as many countries as possible as 
@ guide to working out future policies. During the 
winter of 1945-46, however, serious deterioration in 
the world’s food supplies set in, and following an 
appeal for help, the Director-General agreed that the 
Food and Agriculture Organisation should undertake 
responsibility for relieving the situation. A special 
meeting was called at Washington in May 1946, at 
which recommendations were made to Governments 
as to the best use of the 1946 harvest and the ways 
in which still larger harvests could be secured in 1947. 
Allocation of foodstuffs, based on information and 
statistics provided by the Organisation, was delegated 
to a new agency, the International Emergency Food 
Council. An inquiry was then called for to ascertain 
the adequacy of existing international institutions to 
meet long-term problems of production, consumption 
and distribution, including surpluses. 

Two important publications were the outcome of 
this meeting, ““World Food Survey” and ‘Proposals 
for a World Food Board’’*. The first is a study of 
the pre-war food consumption figures for seventy 
countries, comprising 90 per cent of the world’s 
population. It includes targets drawn up by nutrition 
experts with the view of providing everyone with an 
adequate balanced diet, together with a budget of 
world requirements in 1960 if such targets are to be 
reached, due allowance being made for population 
increase in the meantime. The figures are inevitably 
incomplete, but are probably accurate to within 
5 per cent for countries with a high calorie intake 
and 10 per cent for areas where the consumption is 


* Food and Agriculture Organisation of the United Nations. First 
Annual Report of the Director-General to the F.A.O. Conference. 
Pp. iv +45. 

World Food Survey. Pp. 39. 

Proposals for a World Food Board. Prepared for submission to the 
Second Session of the Conference of the Food and — Lead 
isation, Copenhagen, Denmark, 2 ~yr-~ 1946. 

(Washington, D.C.: U.N. Food an Agriculture Susntinations 1946. ) 
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low. The extent of the malnutrition can be estimated 
from the finding that more than half the world’s 
population had a pre-war calorie intake of only 2,250 
a head a day; less than one third had available 
2,750 or more calories. The deficiency was greatest 
in Central America and most of Asia, whereas the 
high-calorie groups occurred chiefly in North America 
and European countries ; though it is realized that 
average figures inevitably conceal sharp variations 
owing to uneven distribution. 

Further, the proportion of the various types of 
food yielding a similar total in calories may depend 
on national diet. Denmark and New Zealand, for 
example, are both countries with a high average food 
intake and a well-balanced diet ; but though their 
consumption of cereals was equally low and that of 
milk equally high, wide differences were shown in 
regard to intake of animal protein and fat. Abundance 
of supplies and adequate purchasing power, however, 
resulted in a satisfactory diet in each case. In some 
of the countries in the low-calorie group, such as 
Java, the malnutrition was worse than the total 
figures suggest, since the proportion of cereals con- 
sumed was too high and the protein and fat consump- 
tion quite inadequate to maintain health. As a basis 
on which to work, estimates of the various foods 
needed by the world in 1960, if the calorie intake 
per head per day in the low-calorie groups is to be 
raised to 2,550-2,650, have been put forward by 
nutrition experts. The proportions of the different 
types of food comprising this total are roughly 
indicated, as the primary aim is to improve the 
balance between the various components of the 
unsatisfactory diets rather than attempt to alter the 
habits of any country. 

For such a target to be achieved, production will 
need to be raised considerably, though the actual 
increases required vary widely with the different 
commodities, ranging from 12 and 21 per cent 
respectively in the case of sugar and cereals, to 
100 per cent for milk and 163 per cent for fruit and 
vegetables. Increased production in its turn implies 
improvement in agricultural methods. More fer- 
tilizers and machinery will be wanted, irrigation and 
drainage schemes must be carried out, and deteriorated 
areas reclaimed. The application of science to agri- 
culture, however, does not necessarily provide the 
solution ; it may even create its own problems, as, 
for example, the accumulation of local surpluses, so 
that proper distribution becomes the major diffi- 
culty. Economic and social changes are also called 
for, such as the large-scale development of industry 
and trade, educational services, and some machinery 
for supplying credit to farmers. Positive action on 
an international scale to plan and organise produc- 
tion, marketing and finance would be needed to 
implement these recommendations, and in a further 
report the formation of a World Food Board was 
proposed. This body was envisaged as a central 
authority, empowered to hold reserve stocks of the 
more important commodities, to provide funds for 
financing the disposal of surpluses, and to co-operate 
with organisations concerned with international 
credits for industrial and agricultural development. 
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Later discussion, however, rejected the scheme ine 


this form, and proposals of an alternative natuy 
were put forward. 

In September 1946, the second meeting of thy 
Food and Agriculture Organisation was held x 
Copenhagen. Five new member nations wor 
admitted, bringing the total to forty-seven. , 
principal concerns of this conference were to appraiss 
the Organisation’s work during the previous months 
and to make a start with the major problems of , 
long-range world food policy. One special featur 
was the approval of the report of the Commission to 
Greece, which at the request of the Greek Govern. 
ment had carried out a survey of the agricultur, 
forestry and fisheries of the country, and madg 
recommendations for future 
development. It was the first of this type of enter. 
prise undertaken by the Organisation, though the 
extension of such services to other countries, as 
requested, is likely to be a feature of its activities jn 
the future. 

Though the Copenhagen conference did not lose 
sight of the fact that there is still an urgent need for 
maximum food production, avoidarice of loss during 
storage and continued controls and economies in the 
use of all basic foods, the chief interest was naturally 
centred on the long-range programme. For this pur- 
pose a Preparatory Commission was set up to develop 
proposals for inter-governmental action to prevent 
the occurrence of both shortages and surpluses of 
food and other agricultural products, and, in par- 
ticular, to consider the proposal already put forward 
for a World Food Board. The Commission consisted 


of representatives from sixteen member nations, three fis 


non-member nations with major or specialized food 
resources also being asked to participate. In addition, 
co-operation was invited from various inter-govern- 
mental organisations connected with trade, health 
and finance. The principal findings of this Commission 
have now been announced. Though entirely in 
agreement with the essential features of the plan put 
forward by Sir John Boyd Orr in his proposal for a 
World Food Board, it has recommended that, in 
place of an international authority itself holding 
reserves of food and purchasing power, co-operation 
should be worked out between the nations on 4 
voluntary basis. Reserves of food should be built up 
nationally, but they should be operated _inter- 
nationally ; 
framed and price-levels for a term of years fixed by 
international agreement. A World Food Council 
representing eighteen nations is suggested, which 
would work in close liaison with the Food and 
Agriculture Organisation, and meeting if required at 
intervals between the conferences of the latter. The 
proposals fit into the general scheme of the United 
Nations Organisation, and allow of close co-operation 
with existing agencies, among which the International 
Bank may be specially mentioned. 


A policy of expansion is the keynote of the prog, 


suggested, both as regards food production 
and the development of industry and social services 
in rural areas. The carrying out of the proposals, 
however, depends on the various Governments con- 





improvements andy 


orderly marketing policies should beh, 


sation 


E, 


istoric 
fol. 1: 
lone! | 

yeyo 


h which 
n what 
ving ; 
tati 
n Ppa 
india ar 
{them 
ion of | 
{ter the 
availa 
e Sur 
Fortu! 
ike p rec 
ns tc 
f recor 
jreat T 
omprist 
has n 
ho cou 
is dif 
Phillime 
ired f 
fered 1 
nterrup 
ith pr 
olume 
ts © 
thor <« 
ndia’’. 
mporta: 
Ken 


othe su 


olume 
til the 
began. 
This ° 
‘Genera 
rhen “* 



























































wo. 4033 February 15, 1947 


‘heme infpemned 3 for they will have to provide the necessary 
ilities and co-operation if the aims of the Food 
nd Agriculture Organisation are to be realized, and 
jequate food, at a fair price, be made available to 
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held gil: The scientific and technical views, based on a 
nS were tical examination of the data available, have been 
1. Thee out it is now the task of the statesmen of the 
\ppraing id to frame their policies to fit the facts of the 
; monthseustion- 

ms of g “ 


teat 
sion nf EARLY SURVEYS IN INDIA 
Govern. Mujstorical Records of the Survey of India 
culture, Myol, 1: 18th Century. Collected and compiled by 
d madefstolonel R. H. Phillimore. (Published by order of the 
ts gngssurveyor General of India.) Pp. xx+416+ 21 plates. 
f enter.@Dehra Dun: Survey of India, 1945.) 30 rupees ; 
Wis. 3d. 
T a time when Britain is trying to terminate her 
responsibility for the government of India, it is 
ll that her services to that country should be 
laced on record. And there is no field of activity 


ugh the 
ries, a8 
V1tles in 


‘ot losefE which the British are better entitled to take pride 
weed for. what they have done for India than that of sur- 
during eying; for the Survey of India has built up a 
: in thefeputation for enterprise and efficiency which is 
\turally msurpassed. The achievements of the Survey of 
is pur. #adia are for the most part well known, but not all 
levelop ff them have been placed on record. Regular publica- 
orevent fp? of reports of its work only began some years 
uses of iter the Sepoy mutiny of 1857, and little information 
available of the survey work done before that time. 

im Pat-ie Survey is now planning to fill in this blank. 
orward Fortunately, the blank is not due to any failure to 
nsisted Bixep records of what was done. On the contrary, it 
s, three Bvems to have been due rather to a superabundance 
d foodfief records which are so voluminous (those of the 
dition, (reat Trigonometrical Survey at Dehra Dun alone 
overn-eomprise seven hundred volumes) that, apparently, 
health J has not been possible previously to find anyone 
nission Mm? uld give the time needed for their examination. 
ie © us difficulty has now been surmounted. Colonel 
Phillimore, an officer of the Survey of India who 
an put Betired from the Service a few years before the War, 
| for & fered to undertake the task; and, in spite of the 
at, in Baterruption caused by the War, has carried it out 
olding Frith praiseworthy speed and thoroughness. This 
ration flume is the first of a series which will embody the 
on afpsults of his work. It deals with a period which the 
rilt up thor calls “the age of romance and adventure in 
inter. fia”. The next one “will cover a short but 


mportant period, 1800-1815, during which Colin 


uo acKenzie brought regular organisation and system 
ed by othe surveys of the Madras Presidency, and William 
ouneil ambton laid the foundations of the trigonometrical 
whichBurvey”. A third volume, ‘1815-1830, will tell of 
| andBhe co-ordination of all surveys under one Surveyor 
‘ed at#eneral of India, the extension of Lambton’s survey 
TheR+- to be the Great Trigonometrical Survey of 
mnitedgadia . . . of the birth of a Revenue Survey Depart- 
ationgee>t_- . . and the start of the Great Atlas of India 
ional. based on the G.T. Survey”. Presumably the 
eries will eventually be completed by a fourth 
olume covering the remaining thirty years or so 

- PP~int il the date when the publication of regular reports 


ctionibegan. 

‘vicesf’ This volume opens with a short chapter entitled 
osals,f'General Narrative”, which starts in the year 1719 
con-When “a Jesuit missionary, Father Boucher, sent 
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home to Paris a rough map of India and some sketches 
from which Bourgignon d’Anville published his first 
map of India in 1739’’,-and ends at the capture of 
Seringapatam “‘with Mackenzie making preparations 
for the first great topographical survey, and Lambton 
yet to propound his scheme for a trigonometrical 
survey to extend right through the peninsula”’. 

After the general narrative, each Presidency is 
dealt with in turn. Bengal gets three chapters, 
Madras two, and Bombay one. The surveys recorded 
were all the work of individuals, for this was before 
the days of systematic State-controlled survey work, 
which did not begin, even in Great Britain, until 
nearly the end of the century. Some of the surveyors 
worked on their own initiative, others did their work 
under orders, when an opportunity to survey some 
route or district happened to occur. This being the 
case, it is nut possible to present the record as a 
continuous narrative. The chapters dealing with the 
surveys of the Presidencies are more like a catalogue 
of work done, but are enlivened by extracts from the 
journals kept by the surveyors; extracts which are 
interesting in themselves, at any rate to those who 
have an interest in India, and, together, give a good 
impression of the conditions under which the sur- 
veyors had to work. Of more general interest are the 
chapters on Himalayan exploration, and on the 
preparation of atlas maps. It seems that the question 
of the identity of the Tsang-Po River of Tibet with 
the Brahmaputra of India, which was to cause so 
much discussion and controversy among geographers 
a century or so later, had been virtually settled by 
eighteenth-century explorers. 

Most of the surveys were route sketches, generally 
compass traverses with distances measured by 
‘perambulator’. The Madras pattern perambulator, 
said to be the best, had a wheel nearly 7 ft. in 
diameter. ‘‘It was difficult to manage in a high wind, 
requiring two men to work it,’’ and, worse still, it 
was always breaking down! District maps were 
made by compiling route sketches, often a matter of 
some difficulty, for few of the sketches can have been 
accurate, and there were few well-fixed points. Many 
surveyors took observations for latitude to check 
their work, but the difficulty of determining longi- 
tude, until chronometers came into use towards the 
end of the century, limited the value of these fixes. 

The records are not confined only to surveys ; 
there is a chapter on ‘“‘Professional Methods’’ and 
another on instruments, while four or five chapters 
are devoted to personnel and conditions of service. 
The record concludes with a chapter on “Inhabitants 
and Officials’’ which supplements the ‘general 
narrative’ at the beginning of the book. 

The account of the surveys is followed by nearly a 
hundred pages of ‘‘Biographical Notes” on the sur- 
veyors. These are arranged in alphabetical order and 
include references to more than two hundred in- 
dividuals. If half a dozen of those who made out- 
standing contributions to the mapping of India were 
to be picked out, the choice might fall on the fol- 
lowing : Alexander Dalrymple, Hydrographer to the 
E.L.C. 1779-1808 ; Robert Kelly, killed in a duel in 
1790, and described as “a striking instance of a 
zealous and practical surveyor who was at the same 
time a distinguished soldier’; Colonel Colin Mac- 
Kenzie, Madras Engineers, Surveyor General, Madras, 
1810-15, and Surveyor General, India, 1815-20; 
Major James Rennell, Bengal Engineers, Surveyor 
General, Bengal, 1767—77, an ancestor of the present 
Lord Rennell, who, after a life packed with work, 
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hardship and adventure, including wounds which 
nearly ended his life at the age of twenty-four, lived 
to be nearly ninety, and is buried in Westminster 
Abbey ; Lieut.-General Charles Reynolds, Surveyor 
General, Bombay, 1796-1807; and finally Michael 
Topping, Surveyor and Astronomer, Madras, 1785-96, 
who is described as “the most intriguing figure 
amongst all our surveyors of the 18th century’’. 

The volume is illustrated with twenty-one plates, 
fifteen of them extracts from maps of the period, and 
four portraits of surveyors who made noteworthy 
contributions to the mapping of the peninsula. 

M. N. MacLzop 


FRENCH BOOKS ON 
AERONAUTICS 


Considérations sur la conduite et |’exploitation 
des essais de qualités de vol des avions 

Par Maurice Cambois. (Les essais en aéronautique, 1.) 

Pp. xv +126. (Paris: Libr. Dunod, 1945.) 240 francs. 


Les essais de performances en aéronautique 
Par Francois Hussenot. (Les essais en aéronautique, 2.) 
Pp.x+151l. (Paris: Libr. Dunod, 1946.) 455 francs. 


Les vibrations sur les avions 

Caleuls, essais, remédes. Par Maurice Berthaume. 
(Guide du calculateur d’avous.) Pp. xii+79. (Paris : 
Libr. Dunod, 1946.) 275 francs. 


HE first two of these books are respectively the 

first and second of a series entitled ‘“Tests in 
Aeronautics”. Other books in the same series in 
preparation or about to be published are: “‘Kinema- 
tics of Aircraft: Instruments in Flight Testing” ; 
“The Technique of Piloting for Flight Testing” ; 
“Engine Testing in Flight’; “Flight Testing of the 
Radio Equipment”’. 

The first book covers the study of static stability 
and the damping of small-amplitude oscillations. It 
is the result of pioneering work at Villacoublay, 
before the War, of a small group of scientific workers 
to which M. Cambois belonged. Most of the experi- 
mental work described was made before the War, 
which postponed the publication of the book. Be- 
cause of the progress made in aeronautics during the 
War, some of the technique described appears already 
out of date, and no doubt the book is not always 
representative of present-day French technique. The 
book is in two parts. In the first, methods and results 
are discussed, and the second contains the mathe- 
matical treatment which is the basis of the flight 
tests. Longitudinal and lateral stability are treated 
separately, and it is interesting to note that stability 
is considered strictly from the pilot’s point of view, 
and is therefore assessed by measuring stick forces 
or movements only instead of the actual control 
movements as is more the practice in Great Britain. 
Deformations in the control circuit and of the air- 
craft structure under load are therefore embodied in 
the measurements and are an unknown portion of 
them. The rapidly increasing importance of aero- 
elasticity effects with speed has long made a know- 
ledge of at least their order of magnitude essential. 
Also comparison with wind tunnel tests is more 
difficult. The various factors influencing stability 
are discussed, and from them a typical flight test 
programme for a prototype is deduced. The investi- 
gation of small-amplitude oscillations in flight is 
purely qualitative and is limited to checking that the 
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oscillations are damped. The study of the contrat Jl fr 
is also qualitative and is limited to checking that ga /»2? * 
controls are adequate for all the normal evolutic, t+ 

satistac 


of the aircraft. The book unfortunately doeg xy 
contain a description of the instruments used, as the 
are to be the subject of another book in the gan, 
series. 

“Performance Tests in Aeronautics’’, by F. Hy, 
senot, deals with measurements associated with th; 
ordinary evolutions of aircraft, namely, take-off ang 
landing, climbs, level speeds, range, etc. In the fix 
two chapters, general methods are discussed, and th 
particular methods favoured by the French are gon 
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into in detail, except for the description of the instr 4 bri 
ments for the same reason as before. The method of perfc 
described involve the extensive use of cameras bot —_ » 
on the aircraft and on the ground. These, togeth ferab 4 
with accelerometer and speed measurements, maks out-of - 
the reconstruction of flight paths possible. Similagy ™"'°" 
methods are used even for the measurement of level = 
speeds at altitude with the help of local survey maps "? 
Flight measurements on the power plant are thea "2°" 
discussed, and the author points out once more tha !™™° 
need for reliable and simple torque and thrust which | 
meters. The measurements actually made are those oe 
gi 


of airscrew r.p.m., boost pressure, various tempera. 
tures and fuel consumptions. All measurements « 
recorded simultaneously and centrally on photo. 
graphic paper. The reduction of flight measurements 
to the standard atmosphere is gone into in detail, and 
various ways of presenting the data are suggested. 
Stress measurements in flight are briefly surveyed, 
but these have been found too difficult to be included 
in routine tests. The last chapter deals with special 


R 
Produi 


Gemme 
Lomba 
(Paris | 


performance measurements, and these include LI 
measurements on flying-boats, autogyros, jet-pro- pr 
pelled aircraft, towed gliders, etc. The book end (7+, 
with some appendixes on sign conversions, reduction eadied 
of fuel consumption measurements to the standard pj, 
atmosphere, range measurements and on the use off». +), 
logarithmic diagrams for propellers. ind pr 

“Aircraft Vibration”, by M. Berthaume, gives anf». . ... 
elementary account of methods for the theoretical .. ¢,, 
determination of the natural vibration frequencies off 7, j. 
aircraft components and of the wing flexure-torsion ecupi 
flutter speed, and of the experiments required inf oy oy 
connexion with them. compa 

The theoretical methods make use of the concept Ruzick 
of ‘semi-rigidity’ which has been adopted as the basis) 5), 
of flutter calculations in Great Britain. The usual eves’ 
method used in Britain for the theoretical determ™ 
ination of natural frequencies of vibration consist@ ... .. 
in replacing the aircraft component (or the complete] + ,,,, 
aircraft) by a discrete mass system. The methodj . 
given in this book, which replaces the wing, fog ,..., , 
example, by a semi-rigid structure possessing ong... 
two degrees of freedom in flexure and torsion, wil The 
give only the fundamental frequencies in flexure an 4... : 
torsion, the accuracy being dependent on the choict§ ». +. 
of deflexion modes which do not differ too greatly) cnt 
from the modes occurring in practice. It is als§, ‘ 
important to obtain a reasonably close estimate © prefer 


some of the overtone frequencies ; a larger numbe 
of degrees of freedom would be required in tht 
calculations for this purpose. The values given for 
the inertia coefficients which occur in the equations 
of § 10 are not strictly correct. For a semi-rigid body 
it is not correct to take the moments about the root 
the correct expressions are obtained from the prim 
ciple of virtual work. (The quantities f,, f, in the 
expressions for the inertias are then replaced /;' 
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if f:?, and the two mutual 
Py Ja a? 2 1 

JJ, then become equal.) 

The treatment of the flutter problem is far from 
atisfactory, since the aerodynamic damping co- 
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Ape. dicients are completely ignored. The ting > son 
the seed found by the method given may bear little 
‘© Sang iation to the true flutter speed, and will always be 
F. Hye higher. The discussion on flutter is limited to flexure- 
with jorsion wing flutter, which involves two degrees of 
-off ang ieedom only. Although methods for preventing 
: the ~ 4 -ontrol surface flutter by mass-balancing are 
wviewed, the determination of control surface 

ps. dutter speeds is not discussed. 
. Sut 4 brief account is given in Chapter 4 of methods 
ee f performing resonance tests. The wing is forced to 
-_— “ll vibrate by means of rotationary exciters ; it is pre- 
re bot jerable to use linear-exciters consisting of a pair of 
' Netter wut-of-balance masses, to avoid exciting lateral 
‘teal motion. The possibility of ant i-symmetrical vibration 
of loved has not been considered ; by exciting at one wing 
»y me tip only, as is recommended in this book, the resulting 
= the vibration will be a mixture of symmetric and anti- 
nore tha smmetric vibration. The piezo-electric detectors 


which are used have been found unsatisfactory in 
Britain, since the range of amplitude for which they 
give a satisfactory response is limited. 
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ROSIN AND ITS PRODUCTS 


Produits résineux 


rveyed, Gemmes, colophanes et dérivés. Par Dr. René 
cluded Lombard. (Matériaux de synthése.) Pp. xv+ 316. 
special (Paris: Libr. Dunod, 1946.) 385 francs. 

include 


LTHOUGH France is the second largest producer 

of rosin and turpentine, she has practically no 
iterature on the subject. Dr. R. Lombard, who has 
studied under Prof. DuPont and Prof. Brus of the 
Bordeaux Institut du Pin, seeks to remedy the defect, 
for the benefit of the many technical users of rosin 
und products from it. He has collected and correlated 
the available information and deals particularly with 
the fundamental study of pine rosin acids. 

This book comes at a time when chemists are more 
wcupied with synthetic resins than natural resins, 
und emphasizes the relative simplicity of the former 
ompared with the latter. It also brings to mind 
Ruzicka’s suggestion that known terpenes could be 
built up from isoprene. The book draws on “Die 
Harze” of Tschirch and Stock; but, as the author 
warns us, does not have the botanical background of 
that classical work. The book gives a good account 
of the brilliant researches of Ruzicka and other 
workers, such as Prof. R. D. Haworth, which have 
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only rosin derivatives. 

= The chapter on abietic acid is good, and so is the 

© ane desi ription of the work on the elucidation of the 

—— structure of l-pimaric acid and d-pimaric acid. It is 
“ff unfortunate that these names are retained, since the 
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because it accounts for the direct transformation of 
l-pimaric acid to abietic acid, while the normally 
accepted Fieser formula, which has the double bond 
between the 7 and 8 carbons, necessitates an inter- 
mediate step. The generally accepted formula, how- 
ever, is adopted throughout the book. 

Dr. Lombard has given us a very useful volume. 
Rosin is the cheapest and most abundant source of 
organic acids, and rosin acids, because of their salt- 
forming properties, find industrial uses in the soap 
and paper trades; their ester-forming properties 
render them valuable in the varnish trade. This 
book is therefore helpful to many engaged in these 
industries. The bibliographies at the end of each 
chapter are very useful, but the reader will find the 
lack of an index in the book somewhat annoying. 


INDIAN FOLK-TALES 
Folk-Tales of Mahakoshal 


By Dr. Verrier Elwin. (Specimens of the Oral 
Literature of Middle India: Published for ‘‘Man in 
India’’.) Pp. xxv +523. (London : Oxford University 
Press, 1944.) 258. net. 


R. VERRIER ELWIN has rendered a great 

service to anthropology in his monographs upon 
the peoples of the Central Provinces. In this volume 
he sets out to “‘preserve for English-speaking readers 
specimens of their oral literature’. The phrase is not 
very happy. His purpose is scientific, for he censures 
certain works as being ‘‘published purely for enter- 
tainment”. Yet he admits that he has published 
this volume without reference to Thompson’s “Motif- 
index of Folk-Literature”’. It is therefore not 
surprising that the reader finds his chapter-headings 
hard to follow. For example, ‘‘the boy whose brother 
was a bull’’ theme appears both under ‘“The Quest 
for Love and Treasure” and “The ‘Magic Articles’ 
Motif’. Moreover, Dr. Elwin does not attempt to 
distinguish between the basic folk-tales of the several 
peoples he reports and the ancient and very highly 
finished wares of India’s professional story-tellers. 
There are several traces of the purely literary 
and foreign Persian “Sad Hikayat’’ among these 
stories. 

It would have been helpful if the author had given 
the name and some details of each of his informants. 
The usefulness of the book as a crude quarry of material 
is also diminished by the absence of the dialect terms. 
On p. 397 the original is quoted but not translated. 
Elsewhere, no attempt is made to provide a clue to 
the many obscurities such tales necessarily contain. 
The “Hare Ram” on p. 383 is quite unintelligible, 
while on p. 386 the glossary gives correctly Shorea 
robusta for the sarai tree of the story, which in the 
text is later specifically called a mango. On p. 211 
rather abrupt reference is made to a catapult, which 
must be modern, for the catapult is nowhere else 
indigenous in India. The glossary might well have 
been expanded ; for example, no reference is made 
to the well-known caste of pack-carriers, the Lamani 
(not, surely, Lamana ?), or to the interesting examples 
of Acts of Truth, which occur more than once. The 
bibliography contains no entries from the Royal 
Anthropological Institute’s journal Man. Some 
of the author’s comments upon certain quite un- 
pretentious works would seem to be a little more 
acid than is called for. 

K. DE B. CopRINGTON 
























































































HOSE who are not well acquainted with the 

fields of prehistory and allied studies will scarcely 
be aware of the great developments which have 
recently taken place in these subjects in different 
parts of Africa. It is true to say, however, that as 
the result of the enthusiastic work of archzologists, 
paleontologists and geologists throughout that Conti- 
nent, @ vast mass of evidence has now been collected 
having the most important bearing on fundamental 
problems of human evolution and the development 
of early cultures. But much of this evidence has been 
assembled independently in widely separated regions 
of the Continent, and for some time it has been 
recognized that further progress might be seriously 
impeded if the relative isolation of prehistorians in 
different parts of Africa were to continue. It was 
mainly for this reason that the idea of a Pan-African 
Congress on Prehistory was conceived and put into 
effect by Dr. L. 8S. B. Leakey, curator of the Coryndon 
Memorial Museum in Nairobi. In spite of transport 
and other difficulties, the Congress has met with very 
considerable success, for it was attended by more 
than sixty delegates representing all the African 
territories as well as many European countries. 

The Pan-African Congress was formally opened in 
the Town Hall of Nairobi on January 14 by the 
Governor of Kenya, Sir Philip Mitchell, and the pro- 
ceedings were broadcast. The Abbé Breuil was 
unanimously elected president of the Congress, and 
Dr. R. Broom the vice-president. Meetings were held 
in the Town Hall and were continued from January 
14 until January 23, during which many papers were 
read and discussed. For convenience, the business of 
the Congress was divided into three sections: (1) 
Geology, Climatology, and General Paleontology 
(chairman, Prof. A. L. du Toit); (2) Archeology 
(chairman, Dr. L. 8S. B. Leakey); and (3) Human 
Palzontology (chairman, Prof. R. Dart). 

In the first section, interest tended to be focused 
largely on chronological problems, and particularly 
on the relation of early man in Africa to climatic 
fluctuations, faunal sequences, relative changes of 
land- and sea-levels, and geological events such 
as the formation of the Great Rift Valley. The 
Quaternary fauna of the African Continent was dis- 
cussed in illuminating papers by Prof. C. Arambourg 
and Dr. B. 8. Cook, and interesting points in the 
faunal correlation between Pleistocene Africa and 
Ceylon were made by Prof. P. Deraniyagala. The 
problem of the Plio-Pleistocene boundary was raised 
by Prof. F. Zeuner—an important problem in any 
attempt at a correlation of quaternary sequences in 
the African Continent with those in other parts of 
the world. Other papers dealing with the relation of 
geology to prehistory included a study of the develop- 
ment of the Sudan Plain in the quaternary by Mr. G. 
Andrew, a discussion of the recent physiographic 
history of the Lower Nile Valley in relation to pluvial 
oscillations in Abyssinia by Dr. 8S. A. Huzayyin, and 
an account of the high-level beaches of the Tan- 
ganyika lakes by Dr. D. R. Grantham. An interesting 
symposiurn was also held on the relation of pleistocene 
marine terraces to Stone Age cultures, with the main 
contributions by the Abbé Breuil, Prof. Zeuner and 
Dr. A. Ruhlmann, and a general discussion was held 
on the whole question of the Pleistocene in Africa 
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with special reference to the dating of deposits and 
the devising of a unified terminology for describing 
the Pluvial Periods. 

In the section on archeology, a number of delegates 
from different parts of Africa contributed an account 
of Paleolithic culture sequences in their own par. 
ticular areas as a preliminary to a general discussion 
on terminology. Mr. A. J. Arkell dealt with the 
Lower Paleolithic of the Anglo-Egyptian Sudan, 
Mr. A. J. Wayland with the Stone Age in Bec)uana. 


land, Mr. Neville Jones with the Stone Age in 
Southern Rhodesia, Mr. Desmond Clark with the 
chronology of the Stone Age in Somaliland and 
Northern Rhodesia, Dr. Ruhlmann with Moroccan 
Paleolithic cultures, Prof. C. Van Riet Lowe with 
the development of the Great Hand Axe culture in 
South Africa, Dr. B. D. Malan with the Middle Stone 
Age culture in South Africa, and Dr. Leakey with 
the Tumbian culture of East Africa. One morning’s 
session was also devoted to a series of papers on 
rock paintings. 

In the section on human paleontology the papers 
included an important survey by Dr. L. H. Wells on 
the human remains of the Middle Stone Age in South 
Africa, but interest was mainly focused on the fossil 
Australopithecine apes from South Africa and the 
Miocene apes from Kenya. Prof. Le Gros Clark (who 
immediately before the Congress had been able to 
visit South Africa in order to examine the important 
Australopithecine material in the Transvaal Museum 
at Pretoria and the University of the Witwatersrand 
at Johannesburg) gave an account of the results of 
his studies. The main points of this communication 
were as follows. There is no evidence that the 
Australopithecinez bear any close relationship to the 
African anthropoid apes of to-day, other than that 
which is implied by the fact that they are both 
hominoids* of comparable size. The suggestion that 
the Australopithecine are to be regarded as anthro- 
poid apes which, in certain anatomical features, had 
undergone a parallel o° convergent evolution leading 
to a secondary but independent development of 
certain human resemblances must almost certainly 
be ruled out, for the morphological similarities to the 
Hominid in the skull, dentition, and limbs seem far 
too numerous, detailed and intimate to permit of 
such an interpretation. These similarities include the 
pattern, proportions and disposition of the teeth, the 
detailed construction of the supraorbital region, 
zygomatic bone, temporo-mandibular articulation 
and auditory region, the position and size of the 
foramen magnum, the contours of the maxilla and 
mandible, and the details of certain small foramina 
in the skull. Other remarkable points are the degree 
of wear of the milk molars in Australopithecus, and 
the fact that in the type Plesianthropus «ull the 
sagittal and coronal sutures were still completely 
patent although the third permanent molars had 
fully erupted and already showed signs of wear. 
These points seem to indicate quite clearly a pro- 
longation of the growth period in the Australopithe- 
cinez comparable to that of man. The fragments of 
the limb skeleton which have so far been discovered 


s 
* The term ‘hominoid’ is here used in reference to Simpson's supet- 
family Hominoidea, which includes man and the anthropoid apes 
(see his recently published ‘‘Classification of Mammals”). 
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present surprising features, for the lower end of the 
humerus and upper end of the ulna ascribed to 

Paranthropus, and the lower end of the femur and 
the capitate bone ascribed to Plesianthropus, would 
by themselves have been unhesitatingly ascribed to 
Homo sapiens (though a detailed metrical analysis 
might reveal slight differences in comparison with 
modern races of man). On the other hand, the talus 
sstragalus) of Paranthropus provides evidence of a 
degree of mobility of the front part of the foot con- 
dderably exceeding that found in Homo. The 
fanoral fragment ascribed to Plesianthropus clearly 
indicates a completely erect posture and gait, prob- 
ably associated with a rather wide pelvis. 

The combination of limb bones so human in their 
anatomical details with a brain development scarcely 
exceeding that of the gorilla or chimpanzee (so far as 
this can be determined from endocranial casts) must 
inevitably raise the question whether the limb bones 
are correctly to be associated with the fossil remains 
{the skulls. But the circumstances in which they 
were found, together with the similar degree of 
fossilization, and Dr. Broom’s affirmation of the 
complete absence of any signs of human occupation 
from the deposits at Sterkfontein and Kromdraai, as 
yell as the complete absence of any remains of skulls 
1 teeth of Homo, seem to leave no doubt about the 
wrrectness of the association. If this is really the 
case (and any possible doubts that may remain are 
likely to be settled soon by excavations now in pro- 
gress), the conclusions to be drawn are of the greatest 
ignificance for the study of human evolution. It 
nust be inferred, for example, that in the evolution- 
ary sequence, limbs approximating to a human 
type had already been acquired at a time when the 
brain was still of simian proportions. At this phase 
f development also, the dentition had a definitely 
human appearance rather than that characteristic of 
the recent anthropoid apes. The Australopithecine 
naterial, indeed, supports the inferences drawn from 
the indirect evidence of comparative anatomy that 
nany of the diagnostic characters of the recent large 
athropoid apes, such as the powerful canines and 
the large incisors (accompanied by the ‘simian shelf’ 
inthe mandible), the exaggerated development of the 
upra-orbital torus, the construction of the powerful 
brachiating arms, and certain features of the hind- 
limbs, are to be regarded as aberrant specializations 
peculiar to these apes and not as primitive features 
to be sought for in human ancestry. Finally, the 
morphological evidence of the South African fossils 
makes it tolerably certain that the point of divergence 
f the human line of evolutionary development 
from the line leading to the modern large anthro- 
pid apes must be assigned to a geological date 

considerably earlier than many paleontologists have 
hitherto been prepared to accept. 

In the course of his report, Prof. Le Gros Clark 
paid a tribute to the pioneer work of Prof. Raymond 
Dart of the University of the Witwatersrand, who, in 
1925, was the virtual discoverer of the type specimen 
of the Australopithecine, and to Dr. R. Broom, who 
was responsible for the further discoveries, the results 
of which have been published in his recent monograph 
(see Nature, June 29, 1946, p. 863). There appeared 
no room for doubt that Dart and Broom had cer- 
tainly not over-estimated the significance of the 
Australopithecine, and that their interpretations of 
these fossil remains were entirely correct in all 
essential details. However, the allocation of the 
Australopithecine fossils to an early Pleistocene, or 
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even to a late Pliocene, date would mean that they 
could not themselves represent the ancestral stock 
from which the Hominide were derived. But they 
were almost certainly to be regarded as late, and 
only slightly modified, survivals of that ancestral 
stock. 

The remains of Miocene Hominoidea in Kenya 
(particularly at Rusinga and Songhor) are inter- 
estingly complementary to the South African fossils, 
for while the latter have a specific reference to the 
evolution of the human line of development, the 
Kenya material provides important evidence for the 
evolution of the Hominoidea as a whole, that is, the 
zoological group of which the human line represents 
but one offshoot. Dr. Leakey’s discovery of further 
remains of Proconsul, including an almost complete 
mandible, makes it clear that this extinct form (in 
spite of some remarkably primitive characters) was 
closely allied to the Dryopithecine apes. Far more 
interesting, though perhaps less spectacular, are his 
discoveries of the teeth and jaws of Xenopithecus and 
Limnopithecus. The former helps to bridge the 
morphological hiatus which has hitherto separated 
the large from the small anthropid apes, and the 
latter serves to link up the Kenya assemblage of 
Miocene hominoids with Propliopithecus from the 
Oligocene of Egypt. Much of this important fossil 
material has already been described and discussed in 
an important memoir by Dr. D. G. MacInnes. 

A point of great importance which has emerged 
from the Pan-African Congress is that the deposits 
in South Africa yielding the Australopithecine 
material and those in Kenya yielding Miocene 
hominoids are exceedingly rich in fossil remains, and 
that systematic excavation in both these regions is 
practically certain, in a relatively short time, to 
provide the evidence required to reconstruct much 
that is still obscure in man’s evolutionary history. 
It was announced at the Congress that an expedition 
has been organised from the University of California 
with the purpose of excavating far more thoroughly 
than hitherto the Sterkfontein and Kromdraai sites 
in South Africa. A complementary expedition to the 
Miocene deposits of Kenya in co-operation with Dr. 
Leakey, financed from Great Britain, was very 
seriously urged by the British delegates. 

The Pan-African Congress on Prehistory included 
several excursions of great archzological interest. 
One excursion (lasting two days) was made to the 
Great Rift Valley as far north as Nakuru. Delegates 
were taken to the top of the Kinangop plateau, 
2,000 ft. above the present level of Lake Naivasha, 
and were able to pick out for themselves from 
lacustrine deposits on the plateau obsidian points 
and scrapers of late Middle Pleistocene date. They 
also visited the obsidian mines (about forty miles 
distant on the other side of the Great Rift Valley) 
from which early man obtained his raw material. At 
the Kariandusi River site (near Lake Elmenteita) 
they inspected what was evidently a factory of hand- 
axes of the Acheulean type, and a visit was made to 
Gamble’s cave, on the Mau escarpment, where 
remains of Aurignacian man had been found. On 
January 19 an excursion was made to the Acheulean 
site at Olorgesailie, discovered by Mrs. Leakey in 
1942. Here the delegates were astonished to see 
hundreds of hand-axes and cleavers strew . over the 
eroded slopes of Pleistocene lacustrine deposits. 
Trenches had been cut which showed that several 
camp sites had here succeeded each other on a series 
of ancient land surfaces (interbedded between lake 
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clays). In these deposits were found large numbers 
of implements, groups of ‘bolas’ stones, and remains 
of the giant baboon (Simopithecus), giant pig, and 
other extinct mammals. The whole of this site has 
been fenced off and partly roofed over to provide a 
local field museum. On the occasion of this excursion, 
the museum was formally opened to the public by 
Sir Gilbert Rennie, Chief Secretary of Kenya. Finally, 
at the end of the Congress, a seven-day tour was 
made to Arusha, Ngorongoro and the Olduvai 
Gorge. 

It has already been mentioned that the Pan- 
African Congress on Prehistory was a success. It was, 
in fact, an outstanding success in several ways. Apart 
from the value of the actual scientific meetings and 
the interchange of ideas between prehistorians from 
different parts of Africa and elsewhere, the discussions 
led to some very important agreements with regard 
to terminology and also with regard to plans for 
co-ordinated research in the future. Finally, it was 
decided to set up a permanent organisation and to 
hold a Pan-African Congress on Prehistory every 
four years. At the invitation of Field-Marshal Smuts, 
the next Congress is to be held in South Africa in 
1951 

At the final meeting of the Congress, votes of thanks 
were passed to the Governor of Kenya and the Kenya 
Government for their sponsorship of the Congress, to 
the people of Nairobi who had given hospitality to 
the delegates, and to the organising secretary, Dr. 
Leakey—as the result of whose enthusiasm and 
energy the idea of the Congress had been initiated 
and so successfully carried out 


PALAOLITHIC HUMAN REMAINS 
IN ASIA 


HE discovery of the skeleton of a child, reported 

to be a representative of the “Neanderthal” 
type, in a deposit in the Teshik-Tash Cave, near 
Bokhara, in Southern Uzbekistan, is a matter of 
considerable interest to anthropologists. The age of 
the individual is said to have been about eight or nine 
years, and the discovery was made in the course of 
systematic excavation by archzologists. They refer 
to the deposit as “‘middle palzolithic’’, and this would 
presumably include a Mousterian subdivision. The 
discovery is particularly interesting, since if con- 
firmed it will extend very considerably eastwards the 
area of geographical distribution of the Neanderthal 
type. 

Apart from discussion of the immediate surround- 
ings and their antiquity, the characters of the 
skeleton are in themselves noteworthy. Dr. Weiden- 
reich, of the American Museum of Natural History, 
has conferred a great benefit on students who are 
unable to consult the original version of the descrip- 
tion (in Russian), by means of his critical account in 
the American Journal of Physical Anthropology 
(N.S. 3, No. 2, June 1945). The net result is a plea 
for re-examination of the skeleton, and if that be 
granted, the facts submitted by Dr. Weidenreich 
will necessarily claim further attention. 

Actually Dr. Weidenreich states that he ‘“‘is not 
convinced that the Uzbek skull is an immature 
Neanderthal skull belonging to the European varia- 
tion” or, he adds, “of the Mousterian European 





type”; and he sets out the data on which thy 
Opinion is based. 

At this point it should be noted that the child, 
skull is said to have been “smashed into more thay 
150 fragments’’, from which it has bee: rego. 
structed. Moreover, the Russian observers are ny; 
quite unanimous in their opinions, though exa:ninatioy 
of the original documents in Russian might re.uce 
seeming discrepancy. But in consideration of tip 
information available, it is to be noted that D; 


Weidenreich cites a brief report in Science! byt 


the late Dr. Ale’ Hrdlitka on the discovery of the 
skeleton in 1938 by Prof. Okladnikoff. In thy 
report Dr. Hrdlitka is said to state that the skyij 
was identified by the discoverers as a ‘“Neandertha| 
child”. Finally, Hrdlitka had the opportunity of 
examining the skull and concluding that some fiye 
or six important characters which he cited “gjj 
denote unequivocally a Neandertha: specimen”, 

In the following year the Uzbekistan Section of 
the Academy of Sciences of the U.S.S.R. devoted ap 
entire fascicle to the Uzbek skull (1940). The VOKs 
Bulletin No. 9/10 for 1945 contains a report on 
“Recent Work on Soviet Anthropology”’ by Prof. 4. 
Bunak. In this, Prof. Bunak refers to a compre 
hensive monograph “now in press”, which may 
represent an extension of the fascicle of 1940 men. 
tioned above. However that may be, Prof. Bunak 
reports that he has taken part in the investigation, 
having been engaged in examining the brain-cast, 
In his opinion, the skull is ““Neanderthaloid’’, but he 
adds that while “this conclusion is beyond doubt, 
from the modern point of view it is insufficient”, 
and ‘‘the extreme youth of the relic renders it difficult 
to draw a definite conclusion’’. He concludes that it 
provides valuable material for ‘“‘the investigation of 
the variations of the ‘Neanderthaloid’ type’ 

In advocating a revision of the rather dogmati 
opinion expressed by the late Dr. Hrdlitéka, Dr. 
Weidenreich is not unreasonable. His most effective 
criticism relates to the form of section of the mandible 
at the chin. He notes the large ‘capacity’ assigned t 
the skull, but on this ground he is less convincing. 
Reconstruction from so many fragments may be 
partly responsible, and the same factor may affect 
a detail to which Dr. Weidenreich might have 
pointed effectively. This is the more forwardly 
directed plane of the foramen magnum as exhibited 
in the tracing of the skull in the sagittal plane. 

The main object of this communication is to direct 
attention to the discussion and to indicate the 
interest of the specimen to which it is related. Dr 
Weidenreich’s plea for re-examination is also com- 
mended. 

In the memoir published in the American Journal 
of Physical Anthropology (cited above), Dr. Weiden 
reich renews his support (1928) of the claims made 
on behalf of the Podkumok skull (Caucasus) for 
recognition as showing a transition from the Neander 
thal type to that of the modern Homo sapiens, and 
expresses regret at the rejection by Sir Arthur Keith 
of those claims. In this connexion, reference may be 
made to Nature of October 15, 1938, p. 694, where 
there is an account of the Podkumok skull, and of 
Sir A. Keith’s opinion. The whole article, which 
deals, however, with European Russia, demands 
reference in this place, more particularly in con- 
nexion with Prof. Bunak’s report in VOKS (1945). 


W. L. H. Duckwort#H 


* Science, 90, 996 (1939). 
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NATIONAL CHEMICAL 
LABORATORY OF INDIA 
By Dr. BASHIR AHMAD 


Assistant Director of Planning, National Chemical 
Laboratory 
N pursuance of the recognition of the need for the 
ST rniaation of scientific and technical research on 
extensive scale for the larger objective of economic 
ind industrial development of the country, it has 
en proposed to establish a National Chemical 
laboratory in India. A tentative scheme for the 
laboratory was drawn up in 1943 and circulated to 
; large number of scientific organisations and 
ndividuals in India and abroad. A final plan has 
now been formulated after a careful consideration 
{the suggestions received, the lines along which 
imilar laboratories in other countries have been 
stablished, and taking into consideration also the 
gecial needs of India. This plan, therefore, incor- 
sorates the views and recommendations of a large 
wmber of leading men of science and scientific 
mganisations all over the world. 


Functions 


The Laboratory will be devoted to problems of 
both fundamental and applied research in different 
felds of chemistry, and will also concern itself with 
jeveloping the means for the application of scientific 
inowledge to practical problems of industry. The 
laboratory will bridge the gulf between science and 

ts application to industry and will provide a link 
between the universities, the State and other scientific 
institutes on one hand, and industry on the other. 

The fundamental work undertaken by the Laboratory 
vill be devoted to extending the frontiers of know- 
kdge in directions likely to prove useful to the 
ndustrial progress of the country. The applied and 
developmental work will take the form of improving 
ld processes in the light of newer scientific know- 
edge, and discovering new processes. This work will 
be carried to the pilot-plant scale in the Laboratory, 
ifter which it will be passed on to industry. The 
laboratory will maintain close and continual contact 
vith industry, the difficulties and problems of which 
may be referred to the Laboratory for solution. In 
this manner the link between the National Chemical 
laboratory and industry will be vital and effective, 
and so will be its link with the universities and other 
wientific institutes in the country. 

Some of the most important scientific discoveries 
luring the last half a century, which have been of 
the greatest benefit to mankind, have resulted from 
large organisations both of workers and of materials, 
and have involved expenditure beyond the means 
of an average research laboratory. The National 
Chemical Laboratory hopes to be in a position to 
undertake such important and expensive research. 

Keeping in view the fact that problems of industry, 
or in the wider perspective, those of human welfare, 
require the co-operation of experts in different fields 
of science, the scope of the National Chemical 
Laboratory has been kept sufficiently wide. The 
Laboratory will include not only chemistry, but also 
physics, mineralogy, engineering and biology in so 
far as they relate to chemical problems and the 
chemical utilization of the national resources. The 
Laboratory will also provide a place for the training 
of research workers in specialized fields of chemistry 
and technology, particularly with reference to those 
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for which there is no provision available in the 
existing scientific laboratories of India. 

The scientific work of the National Chemical 
Laboratory will be divided into seven main divisions : 
(1) Inorganic Chemistry, including Analytical Chem- 
istry; (2) Physical Chemistry, including Electro- 
chemistry ; (3) Chemistry of High Polymers; (4) 
Organic Chemistry; (5) Biochemistry, including 
Biological Evaluation ; (6) Chemical Engineering ; 
(7) Survey and Intelligence. In addition to these, 
two more Divisions are contemplated, one for Fer- 
mentation Technology, and another for Cellulose and 
Related Products. 


Location and Staff 


Poona, which enjoys a moderate climate all the 
year round, and is within easy reach of Bombay and 
its industries, has been selected for the location of 
the Laboratory. A site of about 470 acres on the 
Pashan Road on a beautiful, breezy and healthy 
plateau, in close proximity to educational institutions 
of the city, has been selected for the Laboratory. 

The staff requirements of the Laboratory have been 
carefully considered. They are summarized below : 


1. Scientific staff : 


(a) Director, Assistant Directors, Senior 
Scientific Officers, Junior Scientific 
Officers , - 51 

(6) Research Assistants 64 

2. Administration staff . . io “e ~ 42 
3. Technical staff for workshop and various 
services “a Re “> - - 35 
4. Stores, Laboratory Assistants and Attend- 
ants .. 86 
5. Other staff 42 
Total 320 


Buildings and Finances 


The floor-space requirements of buildings to house 
the different activities of the Laboratory have also 
been carefully worked out. These are as follows : 


1. Main building, housing various 
divisions os 


se ee £50,000 sq. ft. 
2. Ten auxiliary buildings 


30,000 


180,000 


” 


Total * 

The establishment of the Laboratory will involve 
a capital expenditure of 3-5 million rupees and an 
annual budget of 1-16 million rupees when the 
Laboratory is working at full strength. 


NATIONAL METALLURGICAL 
LABORATORY OF INDIA 
By Dr. G. P. CONTRACTOR 


Assistant Director of Planning, National Metallurgical 
Laboratory 


HAT India possesses great natural advantages 

for the production of iron and steel there is no 
doubt. She has rich and vast deposits of iron ore, 
exceeding both in quality and quantity the ores found 
in many States of Europe and America. These 
ores are reckoned to be more than sufficient for 
the requirements of India herself for nearly a 
thousand years. In spite of this, India’s yearly pro- 
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duction of steel ingots and castings in 1939 was only 
one million tons. The United States are producing 
+ ton of steel per man, the United Kingdom about 
¢ and Japan } ton per man. In India, if the target 
is kept as low as sy ton per man, she will have to 
produce about eight million tons of steel a year. 
This comparison indicates beyond a shadow of doubt 
that India’s iron and steel industry is in an extremely 
backward state. Only the systematic and thorough 
development of the iron and steel industry, which is 
a basic and key industry as well as a defence industry, 
can facilitate the transition of India from the agri- 
cultural to the industrial stage by stimulating the 
growth of a number of associate or allied industries. 

In order to ensure the progress and expansion of 
India’s metallurgical industries, it was decided by 
the Council of Scientific and Industrial Research in 
1942 that a National Metallurgical Laboratory should 
be established in India. Accordingly, a Laboratory 
Planning Committee, under the chairmanship of Sir 
J. J. Ghandy, director of the Tata Industries, Ltd., 
was constituted to formulate a scheme. A tentative 
scheme was prepared and circulated to technical 
experts, industrialists, and others in 1945. This 
scheme was later altered on the basis of the sug- 
gestions and comments received, and principally on 
the basis of the funds available. The final scheme 
recently prepared was approved on September 17, 
1946, by the governing body of the Council of 
Scientific and Industrial Research. 


Location 


The Laboratory will be situated at Jamshedpur, 
which is the centre of the modern metallurgical 
industries in India. The Tata Industries, Ltd., have 
generously placed at the disposal of the Council a 
very suitable site for the construction of the Labora- 
tory. Services, such as electricity, water, gas, sewage 
and effluent disposals are available close tc the site. 


Functions 


The Laboratory when completed will cover all 
aspects of metallurgical research, both fundamental 
and applied, and will carry out research on ores, 
minerals and refractories as applied to metallurgy. 
The preparation of minerals and ores and the smelting 
of the latter are so definitely a part of the develop- 
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ment of the country’s metallurgical indust 
facilities for minerals research have been pr: 
the Laboratory, complete with pilot-plant e 
for semi-commercial development. 

As the metallurgical industry is one of th: 
consumers of refractories, research on this 
has also been included with that on met 
work on metallurgical furnace design will 
undertaken. Work on refractories will be 
facilitated by the presence of the ore-dress 
minerals research section, with its sp 
laboratory and pilot-plant assemblies. 
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Plans 


Provision has been made in the final plan 
National Metallurgical Laboratory for adm 
tion, including statistics, library, museum, 
theatre, etc.; chemical analysis; physical chemis. 
try; physics as it affects metallurgical problems; 
the examination, preparation and smelting of metallic 
ores; the melting, heat treatment and woricing of 
metals and alloys; research into the structure and 
physical properties of metals and alloys ; the electro. 
deposition and surface treatment of metals; and 
research on refractories. Facilities will be provided 
for the application of research results to commercial 
operating conditions, and for the study of such 
conditions as they affect the quality of the products, 
and the efficiency and economy of commercial pro. 
duction. The National Metallurgical Laboratory will 
work in close collaboration with the other Labora. 
tories of the Council, particularly on long-term 
research of a fundamental nature. 

The Laboratory is meant to function as an up-to- 
date research centre where knowledge of the funda- 
mental sciences of physics, physical and inorgani 
chemistry, metallography, engineering, etc., will be 
utilized to solve the problems which confront the 
ferrous and non-ferrous metal industries to-day, 
and are expected tw confront them even more in 
future, when competition from foreign countries 
will have to be met. The Laboratory is also meant 
to function as a clearing-house for information. It 
will give facilities for the training of a number of 
students in the application of scientific methods to 
the metallurgical industries, so as to enable them to 
take charge of technological duties in the works. To 
help and encourage industrialists in the solution of 
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ARCHITECT'S DRAWING OF THE NATIONAL MBTALLURGIOAL LABORATORY, INDIA 
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their problems, facilities will be provided at the 
Laboratory through a system of industrial fellow- 
ships. 

Buildings 


The Laboratory when completed will consist of a 
main building containing administrative offices, 
research laboratories, museum, lecture theatre, etc., 
and a separate technological block comprising large 
workshop-type laboratories with associated control 
rooms for practical semi-commercial scale operations. 
The main building will have three floors, the height 
of each floor being about 12 ft. clear underside of 
slab. Efficiency and convenience of operation coupled 
with the required degree of flexibility and adaptation 
to future needs were borne in mind in designing the 
Laboratory. The sizes of rooms were carefully 
planned with regard to the requirements for benches 
and aisles, especially for the chemical laboratories, 
and for natural illumination. Chemical laboratories 
and other rooms on the north were planned to be 
32 ft. wide, this being considered the maximum depth 
which could be illuminated from windows on the 
outside wall and from the clerestory above the fume 
hoods on the corridor wall. 

The location of the laboratories for different types 
of work has been carefully considered. Fume- 
producing laboratories have been kept to the east of 
the main building, while the physical and metal- 
lurgical sections, housing complicated and delicate 
instruments, have been placed to the west. The 
laboratories have been arranged, however, so as not 
to interfere with the convenience of working. The 
position of individual laboratories has also been given 
considerable thought. For example, laboratories 
where heavy objects are tested, such as the macro- 
room and radiography laboratory, have been placed 
on the ground floor. Similarly, X-ray laboratories 
have been plenned to be located in the corner of the 
main building, with a lighting area on one side. The 
location of the museum and the lecture theatre is 
such that direct access can be had through the 
entrance without disturbing the work being carried 
on in the other parts of the building. The adminis- 
trative section is centrally located on the second 
floor. In this section, facilities for statistical investi- 
gation, not only for compiling metallurgical trade 
figures but also for the use of sf av‘stics as a research 
tool in investigations on practical production and 
operational problems, will be provided. The library 
has been planned to run through two floors, with 
adequate provision for book-stacks and working space 
for book-binding, copying, etc., on the ground floor. 
The actual working floor area on the first floor is 
approximately 26,000 sq. ft., with an equivalent 
space on the ground floor, and about 8,600 sq. ft. 
on the second floor. The laboratories and the 
administrative section in the main building will be 
air-conditioned by a refrigeration system. 

The technological block, providing a working floor 
area of about 28,000 sq. ft., has been situated to the 
south of the main building and connected to it by 
corridors in the form of covered ways. The block 
consists of four main workshops or bays which are 
situated two on each side of the electrical power 

distribution station, which is in the centre. This 
arrangement permits the installation of generators, 
controls, etc., for a furnace bay on the left, and 
motors, ete., for a mechanical treatment bay on the 
right. Furthermore, this arrangement ensures the 
central power distribution station against dirt, dust, 
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fumes, etc.‘ The north end of the technological block 
is occupied by a mezzanine floor forming upper and 
lower suites of rooms for offices of the operating staff, 
for inspection and control laboratories, for drawing 
offices and for specialized apparatus in connexion 
with pilot-plant work. 


Staff and Finance 


The initial basic staff of the Laboratory is sum- 
marized as follows : 


1. Scientific staff : 
(a) Director, Assistant Directors and 
Research Officers on er hi 7 


(6) Research Assistants 26 

2. Technical staff (mechanics, etc.) 25 
3. Laboratory assistants 24 
4. Administration a 18 
5. Laboratory ‘Bearers’. . 33 
Total 153 


The total cost of construction and equipment of 
the Laboratory is estimated at Rs. 4,280,000 
(£325,000). Buildings, services, air-conditioning, 
heavy electric plant, etc., are estimated to cost 
Rs. 25,00,000 (£190,000), and for equipment, pro- 
vision has been made for Rs. 17,80,000 (£135,000). 
The recurring expenses in the initial stages are esti- 
mated at Rs. 6,00,000 (£45,000). 

The foundation stone of the National Metallurgical 
Laboratory was laid by the Hon. Mr. C. Rajagopala- 
chari, Minister for Education and Arts in the Interim 
National Government, on November 21, 1946. 


CRITERIA OF HYBRIDITY 


By Dr. H. G. BAKER 
Department of Botany, University of Leeds 


HE importance of the study of natural hybridiza- 

tion is obvious in view of the large part it plays 
in the process of evolution. There have been con- 
siderable differences of opinion, first as to the possi- 
bility of recognizing natural hybrids and, secondly, as 
to the status of the parents once the possibility of 
hybridization has been established. We are not 
concerned here with the second controversy, for it 
must be recognized, now, that the existence of hybrids 
both within and between species is well substantiated. 
Although hybrids are one of the banes of the taxon- 
omist, their frequent occurrence in Nature makes it 
important that they should be recognizable without 
doubt. Further, when such recognition is possible 
they cease to be a bane. 


Decline of Experiment 


In 1895, Kerner! performed a very useful service by 
exposing many of the spurious criteria upheld by 
some of the unscientific horticulturists of his day, 
and he performed many crosses for himself in support 
of his belief that hybridization was the basis of the 
origin of new species. Although his pioneer technique 
led him to draw several conclusions which we know, 
to-day, to be generally incorrect, such as the true- 
breeding nature of hybrids (pp. 580—1), he was insistent 
that while some of the characters of hybrids were 
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attributed to inheritance from those parents. 


production of hybrids and observation of 
resulting characters of the hybrids. 


making a cross but by collecting the seed from plant 


of the putative parents and hybrids growing together 
in Nature and sowing them. There was no means of 
knowing which were the pollen-parents of the seedlings 


raised. 


Huskins* has emphasized ‘“‘that there is no one 
satisfactory criterion of ‘hybridity’ in the commonly 
accepted sense of the term, and that arguments based 
- must 
Even Allan‘, an enthusiastic 
field-observer, after repeating Cockayne’s' criteria, is 
forced to admit (p. 595) “‘that all these may fail him, 
and that repeated studies are necessary for definite 
conclusions”’; and, further, he warns that Nilsson’s 
synthetic studies*-"*."* on Salix ‘‘show the need for 


upon any one of the supposed criteria . 
lack general validity”’. 


great caution in interpreting field-evidence’’. 


In the United States, the index method of scoring 
hybrids in natural pepulations was introduced by 
Anderson" in 1936, and has been used by subsequent 
workers. Here, selected characters are assigned an 
index value according to their resemblances to those 
obtaining in the two parents, and each naturally 
occurring plant is scored. Very high and very low 
the pure species, while hybrids 
In the majority of the cases 
me where this method has been em- 
ployed**-"*.4,15,16,17, its use has not been preceded by 
an artificial cross between the putative parent-species, 
differences between those species being all that were 
known before the natural populations were investig- 
ated. The work of Goodwin" with Solidago is an ex- 


scores typify 
are intermediate. 
known to 


ception. There is a suspicion of a circular argument in 


following the assumption that certain characters are 


those of hybrids by their use to prove the hybrid 


nature of the plants bearing them. Any character 


which shows a number of intermediate conditions is 
weighted to the extent of the number of intermediates 
which the observer happens to be capable of distin- 
guishing. Particularly alarming, in view of the 
absence of experiment, is the statement** “when, for 
instance, certain of the categories (characters) are 
thought to be more or less reliable than the others they 
can be appropriately weighted in combining the 
index”’. (The italics are mine.) 

It is easy to overcome the faults in these methods 
by making it a rule that, wherever possible, artificial 
crosses between the forms involved (giving evidence 
of the mode of inheritance of the characters) should 
precede investigations of natural populations. Determ- 
ined in this way, natural hybridization can never 
be denied. Only in the case of trees and other plants 
where a long period must elapse between crossing and 
observing the results should it be necessary to relax 
this rule and, even here, it is probable that the 
possibility of hybridization may be determined by 
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derived from one parent and some from the other 
parent, other characters were intermediate and others, 
again, were ‘new’ characters which could not be 
His 
lists of characters of the last type are interesting. The 
basis of Kerner’s conclusions was the experimental 
the 
Subsequent 
workers*.*.*.*.* have laid less and less emphasis upon 
this approach to the problem and have drawn up lists 
of criteria which may be applied to natural hybrids 
without the necessity of making crosses. This outlook 
appears to have attained such a hold that in one case 
where a supporter of natural hybridization’, himself, 
doubted whether certain naturally occurring plants 
were hybrids, he did not investigate the matter i y 
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observing whether the production of viable seeds 
follows crossing. In addition, cytological investiga. 


tions may give indications of relationship. 


Selection and Use of Suitable Characters 


Even after the performance of such crosses, «!! the 
characters involved will not be of equal value. For 
taxonomic purposes, Wernham’* divided characters 
into two primary categories, the ‘fortuitous’ and the 
He defined ‘fortuitous’ 
characters as those which have “no relation io the 
‘Biolo. 
gical’ characters were ‘‘such as are in direct relation 
Diels* 
disapproved of this terminology and substituted 
‘fortui- 
Then, he sub. 
‘fune- 
characters, 
‘Functional’ characters are connected intimately 
with some special function but are uninfluenced by 
externai conditions. ‘Epharmonic’ characters, while 
being connected, apparently, with the mode of life of 
the plant, remain constant under varying external 
conditions. ‘Adaptive’ characters vary according to 


‘biological’, respectively. 
environment nor to any biological function”’. 
to some vital function or advantage’’. 


‘constitutive’ and ‘non-constitutive’ for 
tous’ and ‘biological’, respectively. 
divided ‘non-constitutive’ characters 
tional’, ‘epharmonic’ and ‘adaptive’ 


into 


the external conditions. Sprague*! suggested that 
‘plastic’ would be a better term for Diel’s last 
sub-category, and this suggestion will be adopted 
here. 


An ideal distinguishing character must fulfil several 


conditions. To begin with it should be unaffected or, 
less preferably, affected to a known extent by the 
environment. A character which is affected may be 
of use when comparing two plants growing alongside 
orin exactly comparable conditions, but is unlikely to 
be of general use for natural populations. Obviously, 
the character should not vary during the course of 
the season in which comparative measurements are 
made. 

The breeding behaviour of the character needs to 
be known. It is insufficient to know the typical 
condition in the two parents. The condition in the 
F, must not be a mere expression of hybrid vigour; 
it must be recoverable from the F, generation. It 
will be of much greater use if it is cumulatively 
determined by several genes, so that gradations are 
measurable. A simple dominant-recessive relation- 
ship is of more limited use. The occurrence of 
matrocliny, whatever its cause, is a possible hindrance 
and must be allowed for when it is known to occur. 
Theoretically, it might be possible for all the characters 
of one form to be dominant over the corresponding 
characters of the other, sothat only in the F, genera- 
tion would recombinations be visible. It is doubtful 
if this will ever be found in the case of fully differen- 
tiated species, however. Wilmott** suspected this 
to have occurred in possible spontaneous hybrids 
between Geranium robertianum L. and G. purpureum 
Vill. which occurred in his garden. However, he did 
not actually see the F’, generation, so there is no proof 
of this. 

Preferably, the ideal character should be ‘constitu- 
tive’ in the sense of Diels, or at least neutral so far 
as the ecological distinction between the forms 's 
concerned. If it is ‘non-constitutive’ the action of 
natural selection will tend to cover up the hybridiza- 
tion. The character should not be closely linked with 
any that is ‘non-constitutive’, for in this case, again, 
natural selection will exert a covering action. 

The mutation-rates of the genes controlling the 
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character must be low. The character should be 
wiform over the whole distribution area of the forms 


this is the hardest of all the conditions with which to 
determine agreement. Herbarium specimens and 

ublished descriptions must be consulted in most 
cases, and the judgment of the individual is called for 
in assessing the degree of agreement with the condi- 
tion. An investigation of this nature is very necessary 
for a ‘constitutive’ character for, not being subject to 
natural selection, it may show great variability within 
aspecies. However, it must be remembered that by 
excessive variation such a character would cease to 
be ‘constitutive’. 

The character must be capable of easy and accurate 
measurement, the gradations of a colour, for example, 
being inferior to those of a character which can be 
measured with a ruler. The value of a character 
which can be treated more nearly objectively is that 
other investigators can use it with comparable results, 
that results obtained at different times can be 
compared and that an average value for a population 
isexpressed more easily. It is a great advantage if 
this facility and accuracy of measurement are 
applicable to preserved as well as fresh material. 
Such material may be pickled or dried and mounted, 
and the changes which may occur during these 
processes must be taken into account. Again, the 
character should be measurable without removing the 
material from the mount or damaging it in any way. 

After the most suitable characters have been 
selected, if it is desired to construct and use an index 
in the study of a population, it is preferable that 
characters unlikely to be affected by natural selection 
(that is, ‘constitutive’ characters) should be kept 
wparate from those with positive or negative selec- 
tion-value. Whereas the former will indicate truly 
the extent of hybridization, the latter, considered in 
enjunction, will indicate the severity of natural 
wlection. 

An examination of two interbreeding species 
Melandrium dioicum Coss. and Germ. and M. album 
Garcke) has been made already**:**, using characters 
wlected in this way, and the method is being applied 
to species of Geranium, Armeria and Arum. 
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OBITUARIES 


Prof. H. P. Lewis 


HERBERT PrIcE LEwI1s, professor of geology in the 
University College of Wales, Aberystwyth, died 
suddenly at his home at Borth, Cardiganshire, on 
January 22 in his fifty-second year. He was a son 
of the late Mr. and Mrs. Francis Lewis of Llangollen, 
and was a pupil of Llangollen County School, going 
thence to University College, Bangor. He served 
in the War of 1914-18 and was severely wounded. 
Proceeding to Downing College, Cambridge, he took 
the course in natural science, studying geology 
under the late Prof. J. E. Marr. He was for a short 
time a master at Oundle School, and in 1921 went 
to the University of Sheffield where, as a lecturer in 
geology, he was closely associated with Prof. W. G. 
Fearnsides. In 1922 he was awarded the Daniel 
Pidgeon Fund by the Geological Society of London, 
and in 1931 the J. B. Tyrrell Fund. As holder of 
the latter he spent some months in Canada studying 
the fossil faunas of the Devonian and Carboniferous 
rocks. In the same year he was appointed to the 
professorship at Aberystwyth. He was awarded an 
Sc.D. of the University of Cambridge in 1940; and 
he served on the council of the Geological Society 
during 1942-44. 

Prof. Lewis was an all-round geologist. He was 
an untiring enthusiast in the field, and organised and 
led some of the longer field-meetings of the Geol- 
ogists’ Association, and attended several of their 
excursions to different parts of the European Contin- 
ent. In spite of a permanent disability caused by 
his war service, he was remarkably skilful in preparing 
material for the microscope and in all branches of 
laboratory technique. He had an exceptionally wide 
knowledge of geological literature, and he was always 
most ready with expert guidance to others, whether 
colleague, student or occasional inquirer. 

These various interests are reflected in Prof. Lewis's 
published papers, which include works on petrology, 
stratigraphy and structural geology ; but it was as a 
paleontologist that he carried out his more extensive 
and detailed researches, specializing on fossil corals 
and the more difficult and obscure groups such as the 
calcareous Alge, various kinds of micro-fossils and 
the problematical Bolopora undosa. He had for some 
years been mapping the geology of the Aran mountains 
in Merionethshire, but very little of this work has 
been published. Both in his research and in his 
teaching, his careful attention to accuracy and detail 
was a marked characteristic. 

Prof. Lewis took an active part in the academic 
and administrative life of the College and the 
University of Wales, and held a responsible position 
in one of the churches at Aberystwyth. He was a 
man with the highest standards of duty and conduct, 
and his untimely death will be deeply felt. His wife, 
with two sons and one daughter, survive him. 

JOHN CHALLINOR 





WE regret to announce the following deaths : 


Dr. David Hooper, formerly of the Wellcome 
Historical Medical Museum, on January 31, aged 
eighty-eight. 

Dr. H. M. Tory, formerly president of the 
National Research Council of Canada, aged eighty- 
three. 
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NEWS and VIEWS 


Advisory Council on Scientific Policy 


Tue Lord President of the Council, Mr. Herbert 
Morrison, has appointed the following to serve on 
the Advisory Council on Scientific Policy which has 
been set up to advise him in the exercise of his 
responsibility for the formulation and execution of 
Government scientific policy: Sir Henry Tizard 
(chairman) ; Sir Edward Appleton, secretary, Depart- 
ment of Scientific and Industrial Research ; Sir Alan 
Barlow, Treasury ; Sir Howard Florey, professor of 
pathology, University of Oxford; Sir John Fryer, 
secretary, Agricultural Research Council ; Sir Claude 
Gibb, managing director, C. A. Parsons and Co., 
Newcastle-upon-Tyne ; Sir Edward Mellanby, secre- 
tary, Medical Research Council; Sir Edward Salis- 
bury, director, Royal Botanic Gardens, Kew, and 
secretary, Royal Society ; Sir Ewart Smith, Imperial 
Chemical Industries, Ltd.; Sir Reginald Stradling, 
chief scientific adviser, Ministry of Works ; Prof. A. R. 
Todd, professor of organic chemistry, University of 
Cambridge; Dr. A. E. Trueman, deputy chairman, 
University Grants Committee ; Prof. S. Zuckerman, 
professor of anatomy, University of 
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merit and a power to stir even European emotions. 
they have still a deep social and religious sig? ificangs 
in the lives of the less ‘Europeanized’ aborigines ( 

whom they are regularly repainted) and are closely 
bound up with their mythology and dream-experienge 
Equally interesting is a small series of reproductions 
of rock paintings of a quite different character, prob. 
ably dating from more ancient times; there ig , 
striking similarity of feeling and form between these 
and some of the ancient paintings found among 
other places, in Spanish caves and in various parts 
of South and East Africa, with their elongated ang 
distorted human figures. This exhibition, which wil) 
remain open for some time,.in itself refutes any 
suggestion that the Commonwealth Government js 
indifferent to the life and fate of this lowly but not 
ignoble people: and it can scarcely fail also to com. 
municate to the viewer some of that fragile spirit. 
uality, so hard to crystallize in scientific terms, which 
is characteristic of the pure aboriginal culture and 
explains the disquiet felt by some anthropologists at 
any new encroachment of civilization upon them. 


Chemistry at the University of Sydney 
THE Senate of the University of Sydney has 
recently appointed Drs. T. Iredale, 





Birmingham. The Council will be 
served by a small scientific secre- 
tariat in liaison with the secretariat 
of the Defence Research Policy 
Committee. 


Australian Aboriginal Art 
Tse Australian aborigine, like 
most of the world’s primitive 


peoples, is increasingly affected by 
the influence known to anthropol- 


ogists as ‘culture-contact’. The 
spread of industrial civilization 
brings many problems of adjust- 
ment with it, whether in the form 
of the ‘loss of nerve’ which pre- 





Owing to Government 
restrictions on print- 
ing, publication of this 
issue of Nature may be 
delayed. Future issues 
will be dated as usual 
and published as quickly 
as possible after the 
restrictions have been 
removed 


newly created readerships in chem. 
istry. They are all well k=own in 
Britain, both by direct contact and 
through their work; and occupy 
prominent places in the scientific 
life of Australia. Dr. Iredale has 
been, for several years, the Aus- 
tralian local representative of the 
Chemical Society ; Dr. F. Lions is 
president this year of the Royal 
Society of New South Wales, in 
which Dr. D. P. Mellor has also held 
various Offices, being, since 1943, 
honorary editor of its journal, and 
in 1941, president. 








cedes final extinction, or of that 
dilemma of all distinguishable 
minorities—the choice (whether taken by themselves 
or by others for them) between retention of their 
own special values and way of life, to the enrichment 
of human culture, and the easier way of assimilation 
into the civilization and economy of the majority. 
The exhibition of aboriginal cave paintings arranged 
by the News and Information Bureau at Australia 
House, London, and opened by the High Commissioner 
on January 15, does great credit to the Commonwealth 
Government at a time when there has been some 
anxious questioning of the probable effects upon 
native life of the proposed establishment of a rocket - 
testing range to traverse the Central Aborigiral 
Reserve (see Nature, December 28, p. 939), though 
there is every reason to hope that adequate safe- 
guards are to be provided. 

The exhibition is devoted mainly to an impressive 
series of large-scale reproductions painted in the 
Kimberley district during 1938-39 by members of a 
German anthropological expedition organised by the 
Frobenius Institute at Frankfort (by courtesy of the 
director of which the reproductions became available 
for exhibition): they represent a remarkable feat of 
recording, although the main work of describing and 
studying the originals over many years had been car- 
ried out, with great distinction, by Australian anthrop- 
ologists. Many of the pictures show high artistic 


Dr. Iredale obtained his first 
degree at the University of Sydney 
in 1918. In 1921, with an 1851 Exhibition, he 
began three years work on physicochemical aspects 
of surface tension and adsorption at University 
College, London, in Prof. F. G. Donnan’s Depart- 
ment. After periods as a research officer in the 
Department of Scientific and Industrial Research, 
and as lecturer in chemistry at Armstrong College 
(now King’s College), University of Durham, he 
returned to the University of Sydney. His research 
activities have lain chiefly in the fields of colloids, 
photochemistry and chemical kinetics. In 1921, he 
demonstrated that adsorption is the controlling factor 
in the inhibitive effect of protective colloids on the 
catalytic decomposition of hydrogen peroxide by 
colloidal platinum. Later, in 1923, he commenced 
a series of investigations of adsorption from varying 
vapour phases on liquid-gas interfaces. More recently, 
he has concerned himself with the kinetics and photo- 
decompositions of alkyl and alkylene iodides, acetone, 
acetaldehyde, etc. 

Dr. Lions is also a graduate of the University of Syd- 
ney. In 1923, he proceeded, as an 1851 Exhibitioner, 
to work with Sir Robert Robinson at Manchester, and 
later, in 1925, with Prof. W. H. Perkin at Oxford. 
In 1926 he was appointed lecturer in chemistry at 
Sydney. His researches have been extensive within 
the field of organic chemistry, particularly among 





F. Lions and D. P. Mellor to three § 
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nitrogen-containing heterocyclic compounds, natural 

ucts and the alkaloids. The examination of 

inol (a crystalline substance from the ‘Colonial 
heech’) is @ valuable approach to the fundamental 
understanding of timber faults. In addition, he has 
made useful contributions to stereochemistry of the 
diphenyl type, and in his studies of co-ordination 
compounds, containing copper, zinc, nickel and 
gbalt from nicotinylacetone, he has provided an 
ingenious extension of the now classical work of 
Mills and Gotts. 

Dr. Mellor obtained his first degree and later his 
D.Se. at the University of Tasmania. After periods 
with the Electrolytic Zine Co. and the Commonwealth 
Solar Observatory, he was appointed in 1929 to the 
staff of the Chemistry Department, University of 
Sydney. He has conducted extensive investigations 
om complex inorganic compounds, notably those of 
palladium, rhodium, platinum and iridium, utilizing 
optical, X-ray diffraction, magnetochemical and 
polarographic methods. His results have greatly 
extended our knowledge of the stereochemistry of 
square complexes. During 1937-39 he worked at the 
(glifornian Institute of Technology and later at the 
Cavendish Laboratory, Cambridge. 


No. 4033 


s Challenger Society and Staffs of Marine Labor- 


atories : Joint Meetings 

For a number of years before the War it was 
customary to hold meetings of the Challenger Society 
for the Promotion of Oceanography conjointly with 
the members of staffs of marine biological and fisheries 
laboratories in Great Britain. Three of these meetings 
were held each year, one of which was in London, 
the others being at marine laboratories or universities. 
These meetings were arranged under a scheme 
inaugurated by the Development Commissioners 
whereby members of the staffs of marine biological 
laboratories were encouraged to attend meetings at 
vhich general discussions could be held on problems 
of interest to them and to members of the Challenger 
Society. Two such meetings have been held since 
the end of the War, one at the Marine Biological 
Station at Millport under the chairmanship of Mr. 
Richard Elmhirst, and the other in London in the 
dfices of the Zoological Society under the chairman- 
thip of Dr. Edward Hindle. These meetings were 
vell attended, and a variety of papers were given 
om different subjects. At Millport, papers were read 
mder the three headings of seaweed research, 
plankton and productivity, and anti-fouling research. 
In London, contributions were made on the subjects 
of locomotion in marine animals and factors affecting 
productivity in the sea. A few papers were also given 
on other subjects, and arrangements were made by 
the secretary of the Zoological Society for a visit 
tothe Aquarium. These joint meetings are of great 
value to those interested in the study of all problems 
connected with life in the sea, and biologists owe 
much to the generosity of the Development Com- 
missioners for making them possible. It is to be 
hoped that such meetings will again be held regularly. 


Palzontographical Society 

THE Paleontographical Society was founded on 
March 23, 1847, and the hundredth anniversary will 
be celebrated on March 31. The hundredth annual 
general meeting will be held in the conference room 
at the Geological Survey and Museum, South 
Kensington, London, at 11.0 a.m., when a com- 
memorative address will be delivered by the president, 
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Prof. H. L. Hawkins. In the afternoon, a public 
lecture on ““‘The Story of Fossils” will be given at 
2.30 p.m. by Mr. C. P. Chatwin (chief paleontologist 
to H.M. Geological Survey) in the demonstration 
room. An exhibition dealing with various aspects 
of paleontology will be arranged for members, and 
tea will be served in the Reserve and Study Gallery. 
Members will dine that evening in the hall of the 
Worshipful Company of Tallowchandlers, Dowgate 
Hill, E.C.4. Those wishing to attend should notify 
the secretary, Dr. C. J. Stubblefield, Geological 
Survey and Museum, Exhibition Road, London, 
S.W.7, not later than March 1. 


Brevity in Zoological Nomenclature 


Pror. J. C. Faurg, of the University of Pretoria, 
has published a paper entitled “‘A Plea for Brevity— 
and Sanity—in Zoological Nomenclature” (J. Ent. 
Soc. S. Africa, 9, 39; 1946). He discusses the length 
and unwieldiness of generic and specific names with 
special reference to the work of Dybowski (Bull. 
internat. Acad., Cracovie (B), 1926), wherein various 
new generic names for Gammarids are published. In 
Prof. Faure’s view, such cumbrous and unpronounce- 
able products as G acanthuskytodermogammarus 
(31 letters) should never have been published. He 
goes on to add that apparently some authors coin 
long names thinking that the glory devolving upon 
the proposer varies in direct proportion to the 
ponderosity of the name. Others may choose long 
names in the attempt to find truly descriptive names. 
The -habit of adding prefixes or suffixes to existing 
names also tends to produce long and cumbersome 
names. Short and easily pronounceable names formed 
by an arbitrary combination of letters are preferable 
to long and cumbersome descriptive names derived 
from the purest classical sources. 

Prof. Faure recommends that international con- 
gresses should consider whether the time has not 
arrived to insert into the “‘Rules”’ a provision limiting 
the length of names. He suggests that “No generic, 
subgeneric, specific or subspecific name proposed as 
new after ...... (= a given date) shall have any 
status of validity or availability under the Rules 
if it consists of more than fifteen letters”. But even 
without any such provision in the “Rules”, he 
thinks that editors of scientific journals could exert a 
wholesome influence by not accepting for publication 
any new names that exceed a ‘reasonable’ length 
of, say, fifteen letters or that are objectionable for 
other reasons such as unpronounceability. 





High-speed Camera 

K. M. Barrp (Can. J. Res., 24, 41; 1946) has 
described, in outline, an ultra high-speed motion- 
picture camera, embodying new principles, which, it 
is expected, will enable pictures of good resolving 
power and illumination to be taken at rates as high 
as 200,000 per second. A set of lenses, mounted in a 
row, forms a set of images which are projected by a 
lens system on to rotating reflecting prisms, one 
prism for each lens in the row, and thence to the 
film which is wound in a single layer on a drum. A 
rotating sector placed in front of the set of lenses acts 
as a shutter. The sector has equidistant radial slots, 
so spaced that after a given slot has just passed the 
last lens in the row, the next slot comes opposite the 
first lens. Thus, the camera takes several pictures 
while the film moves the distance of only one, with 
corresponding advantage over the conventional 
type of camera. Intense illumination is required, 
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but this need be of only very short duration, since 
any event requiring a high-speed camera naturally 
lasts only a very short time. To test the practicability 
of the design of the proposed camera, an experimenta! 
model was constructed, in which the lens system and 
rotating prisms were not included. In spite of these 
omissions, quite good pictures were obtained at rates 
of 70,000 a second, and a series of pictures, taken at 
the rate of 64,000 per second, of a rifle bullet fired 
at and piercing an electric light bulb, is included in 
the paper, illustrating very clearly the capabilities 
of the camera. 


South African Museum: Report for 1945 


Tue Trustees’ report of the South African Museum, 
Pretoria, stresses the unsatisfactory financial position 
of the Museum, and it is pointed out that this greatly 
handicaps the development of its educational and 
cultural services. An interesting analysis of attend- 
ance figures appears in the acting director’s report. 
This shows that during the year, 118,103 white, 
56,402 coloured, and 10,499 native adult mem- 
bers of the population visited the Museum. The 
same report makes note of a special exhibit illustrating 
soil erosion, and pleads for similar educational pro- 
paganda in other African museums. The report of 
the Department of Fishes and Marine Invertebrates 
records the catching in South African waters (for 
the first time) of an adult deal-fish (Trachypterus) 
7% ft. in length. In the Department of Botany, Mr. 
G. J. Lewis carried out work in connexion with 
plants and allergic diseases in the Cape Peninsula. 
He also published illustrated descriptions of two new 
species of Iridacew (J. S. Afr. Bot., 11,108 and 117). 


Lady Tata Memorial Trust 


THe Trustees of the Lady Tata Memorial Fund 
invite applications for grants and scholarships, open 
to workers of any nationality, for research in diseases 
of the blood, with special reference to leukemia, in 
the academic year beginning on October 1, 1947. 
Grants of variable amount are made for research 
expenses or to provide scientific assistants to senior 
workers. Scholarships are awarded as personal 
remuneration ; their normal value has been £400 a 
year for whole-time research. Applications must he 
submitted, before March 31, to the secretary of the 
Scientific Advisory Committee, c/o Medical Resear: 
Council, 38 Old Queen Street, Westminster, Londo, 
8.W.1 


Conference on Industrial Research 


Tue Federation of British Industries is arranging 
a series of regional conferences on industry and 
research, the first of which will be held at Birmingham. 
on March 25. The principal speakers will be Sir 
Edward Appleton, secretary of the Department of 
Scientific and Industrial Research ; Sir William Larke, 
chairman of the Industrial Research Committee of 
the Federation of British Industries; and Sir Peter 
Bennett, chairman of the Midland Regional Council 
of the Federation. The general subject to be discussed 
will be the application of science by industry, and the 
part research can play in promoting industrial 
efficiency, exports, and a higher standard of living, 
with special reference to industrial problems in the 
Birmingham area. Special attention will also be 


given to the smaller manufacturing concern. Further 
information may be obtained from the F.B.I. Indus- 
trial Research Secretariat, 21 Tothill St., 8.W.1. 
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Announcements 


Tse Linnean Medal for 1947 of the Linnean § deiety 
of London has been awarded to Prof. Maurice ( aullery 
of the University of Paris. The actual presentation 
of the medal will take place on May 24. 


Tae London, Midland and Scottish hk vilway 
announces that Mr. G. E. Wilson, chemist, Svientif, 
Research Department, Glasgow, has been appointed 
chemist, Scientific Research Department, Crowe, jp 
succession to the late Mr. W. Darcy. Mr. E. A. Morris, 
senior assistant chemist, Scientific Research Depart. 
ment, Glasgow, will succeed Mr. G. E. Wilson at 
Glasgow. 


Tue following appointments have been mad: in the 
Colonial Services: J. L. Congdon, to be agricultural 
officer, Aden ; C. A. Lister, to be plant path slogist, 
Gold Coast ; W. E. M. Logan (assistant conservator 
of forests, Gold Coast), to be assistant conservator of 
forests, Kenya. 

Dr. C. C. App1son, lecturer in inorganic chemistry 
at University College, Nottingham, has been awarded 
the degree of D.Sc. of the University of Durham for 
thesis on“*A Study of Soluble Films at Liquid Surfaces”, 


APPOINTMENTS to not more than four Imperial 
Chemical Industries Fellowships in the University of 
Cambridge will be made in the Easter Term, with 
tenure from October 1, 1947. The Fellowships have 
been established for original research in physics, 
chemistry, biochemistry, engineering, metallurgy, 
pharmacology, chemotherapy, or in a subject related 
to one of these subjects. Persons of either sex may be 
elected, and the annual stipend of a fellow will 
normally be £600. Applications must reach the 
Registrary, at the University Registry, Cambridge, 
by April 20. 

Tue Worshipful Company of Founders of the City 
of London awards fellowships, usually one a year, to 
provide facilities for advanced education to men who 
have already completed a course of training of 
university standard in chemistry, physics, metallurgy 
(more especially in connexion with molten metal) 
and allied sciences. There is no limitation to the 
nature of the course which may be selected ; it might 
include research, a period in works or foreign ex- 
perience. The normal value of the fellowship is £300 
&@ year, and it will be renewable for a second year 
and in special cases for a third year. Candidates 
should not be less than twenty-one years of age on 
September | of the year of application. Applications 
must be received not later than May 1 by the Clerk 
of the Worshipful Company of Founders, Founders’ 
Hall, 13 St. Swithin’s Lane, E.C.4, to whom all 
inquiries should be addressed. 


Messrs. Exttiotr BrotrHers (Lonpon), Lrp., 72 
Victoria Street, London, S.W.1, have transferred 
their research laboratory from Century Works, 
Lewisham, to Elstree Road, Borehamwood, Herts, 
where they have a modern building of 50,000 sq. ft. 
floor area. A new organisation is being built up 
which will undertake the developmont of industrial 
and laboratory instruments and specialized equip- 
ment; also it will develop new techniques for the 
control of manufacturing processes. The laboratories 
are in the charge of Mr. J. F. Coales, formerly of the 
Admiralty Signal Establishment, where he was 
engaged on research into radio direction finding and 
later on the development of radar for gunnery pur- 
poses in H.M. ships. 
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LETTERS TO THE EDITORS 


The Nditors do not hold themselves responsible 


jor opinions expressed by their correspondents. 
No notice is taken of anonymous communications 


No. 4033 


An Example of Meson Production in Lead 


We have recently obtained a clear example of 
meson production in lead in an experiment in which 
gounter-controlled, cloud-chamber photographs of 
penetrating showers were taken in a magnetic field 
of 3,400 gauss. There was a layer of lead 6-8 cm. 
in thickness above the chamber, and the counter 
arrangement was such that at least two particles in 
the shower had to penetrate 20 cm. of lead below 
the chamber. The chamber was filled to a pressure 
of 1-5 atmospheres with a mixture consisting of 
80 per cent argon and 20 per cent oxygen. 





Fig. 1 


The shower is shown in Fig. 1. Two fast particles 
eand 6 enter a lead plate of thickness 30-5 mm., 
covered above and below with brass reflecting plates 
each 1-8 mm. in thickness, and at least six particles, 
’, c, d, e, f and g, emerge from the plate. The 
particles, c, d, e, f and g, all appear to come from 
a point 0-9 cm. above the bottom of the lead plate. 
Measurements of the curvatures of the tracks and 
the probable identification of the particles are given 
in the table. Three other particles which seem to be 
connected with the shower emerge from the plate, 
but such short lengths of track are observable that 


NAT 


URE 227 


identification is not possible. The values of the 
momenta of the particles a and 6 are somewhat 
uncertain because of gas distortion above the plate. 
Only slight distortion is observable below the plate. 

Particle a, which presumably initiates the shower, 
is classified as a proton or a meson, because an electron 
of this momentum would ionize twice the minimum 
and would have a high probability of producing a 
cascade shower in the plate. Particle bb’ is identified 
as a meson or a proton. It is scattered 5° in the 
plate. 

Of the other particles, both c and e have momenta 
~ 10* eV./c. and are clearly heavily ionizing. These 
are presumably protons, for protons of momentum 
10* eV./c. would ionize twenty times minimum and 
would have ranges of approximately 100 cm. in the 
chamber. 

Particle d is positive and has a momentum of 
2-4 x 10’ eV./c. Its light ionization shows that it 
cannot be a meson or a proton. A meson of this 
momentum would ionize ten times minimum, and a 
proton approximately two hundred times minimum. 
It must therefore be a positive electron. 

Particle g is the most interesting particle in the 
shower, for it is undoubtedly a slow meson. Its 
ionization is estimated at between four and ten times 
minimum, and its range in the chamber is greater 
than 8 cm. Its momentum has been found to be 
2-2 x 10’ eV./c. from measurements on two stereo- 
scopic photographs. A meson of mass 200 m, (where 
m, is the mass of the electron) with this momentum 
would have a range in the chamber of 30 cm. and an 
ionization 10-5 times minimum. It is therefore 
probable that this particle is a meson. However, 
since the velocity of the particle is low (8 ~ 0-2), 
it is important to examine how much of the observed 
curvature could have been due to multiple scattering 
in the gas. Williams’ has given an expression for 
the spurious curvature to be expected in such a case, 
and inserting the data of the experiment in his 
expression it is found that the radius of curvature 
of the track due to scattering is 123 cm. Thus the 
error due to scattering should be of the order of 17 per 
cent. The data are thus still consistent with the 
particle being a slow meson. A proton of this momen- 
tum would ionize 150 times minimum and would 
have a range of less than 0-5 cm. in the chamber. 

Confirmation of the identification of particle g as a 
negative meson is given by a knock-on electron which 
appears on the track at a point immediately below 
the lead plate (see Fig. 2). (We are indebted to Dr. 
J. G. Wilson for helpful advice on this point.) The 





















































rc — ~~ Seine 7 eT 
: | ; | 
| Track j Ionization | Momentum Remarks Identification 
| | (x minimum) (300 Hp. eV./c.) 
= —— ee = ~ - — — = = = - = — — = = — que — - - _ — —— —_————— 
| a 1 >10° | meson or proton 
bd’ 1 >10* Particle scattered 5° in plate. Momentum from meson or proton 
| | scattering 8-8 x 10° eV./c. 
e >10 >10* Observed length of track in chamber = 2-2 cm. proton 
a 1 2-4 x 10° + 20% Positive particle: radius of curvature 23-3 em. electron 
error does not include error due to scattering. 
Ionization slightly greater than minimum. 
Observed length of track in chamber 3-2 cm. 
e >10 >10* Observable length of track in chamber 3-6 cm. proton 
f 1 Has curvature of negative particle, but kink in track meson or proton 
makes momentum measurement uncertain 
g 7 2-2 x 10’ + 25% Negative particle. Radius of curvature 21-2 cm. meson 
Error includes error due to scattering. Curvature 
uniform along length. Range in chamber >8 cm. 






























Fig. 2 


momentum of this electron is 1-51 x 105 eV./c. and 
its kinetic energy is 2-3 x 10‘eV. Assuming a ‘head- 
on’ collision and a particle of mass 200 m,, the energy 
of the electron would be 4-8 x 10‘ eV. The corre- 
sponding figure for a proton would be 570 eV. More- 
over, the actual kinetic energy of the knock-on 
electron may be greater than the observed value 
because it is not certain that the electron has been 
knocked on in the gas. If it be assumed that the 
electron has been knocked on in the gas, the mass of 
the particle g is found to be 290 m, + 50 per cent. 
In the statement of the error account has been taken 
of the errors of measurement and the scattering of 
particle g and the knock-on electron in the gas. 
The shower seems, therefore, to be a clear example 
of the production of at least one meson (of mass 
200 m,), one electron and two protons at a point 
in a lead plate. 
The total kinetic energy lost by the particles 
a, c, d, e, f and g in the lead plate is of the order of 
2 x 10* eV. 
Unambiguous photographs showing the production 
of mesons in a cloud chamber are exceedingly rare. 
Anderson and Neddermeyer* obtained in 1936 a 
striking photograph of a disintegration in a lead plate 
which showed a heavily ionizing particle projected 
upwards. They were unable to identify the particle 
with any particle then known. It may well have 
been a meson. Powell’ and Hazen and Fretter* have 
inferred the presence of mesons in disintegrations by 
range and ionization density measurements. 
The present photograph seems to conform in general 
type to the process of meson production proposed by 
Hamilton, Heitler and Peng‘, with the addition 
suggested by Jénossy*. Interpreting the shower 
according to this theory, particle a would be a proton 
which has already produced a meson (66’) and which 
produces another meson, an electron, and recoil 
protons. On this theory the electron results from 
the decay of an extremely short-lived meson. The 
life-time of 10-* sec. used by Hamilton, Heitler and 
Peng is, however, much too long: a life-time of the 
order of 10°" sec. is required. 
G. D. RocHEesTer 
C. C. BuTLER 
8S. K. Runcorn 
Physical Laboratories, 
University, 
Manchester, 13. 
Jan. 17. 

‘ Williams, E. J., Phys. Rev., 58, 297 (1940). 

. Andersen, C. D., and Neddermeyer, 8. H., Phys. Rev., 50, 263, Fig. 12 

* Powell, W. E., Phys. Rev., 68, 385 (1946). 

* Hazen, W. E., Phys. Rev., 65, 67 (1944). Fretter, W. B., and Hazen, 

W. E., Phys. Rev., 70, 230 (1946). 

* Hamilton, J., Heitler, W., and Peng, H. W., Phys. Rev., 64, 78 (1943). 

* Janossy, L., Phys. Rev., 64, 345 (1943). 
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interferometric Determination of Apparent 
Thickness of Coatings 


Tue thickness of deposit from an atomic beam is 
measured as follows. The iilm (X) is deposited on 
high-grade flat through a grid-like mask of thin 
metal held in close contact. Then the mask is pe. 
moved from the flat, and a highly reflective 
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Daque 
coating (Y) is evaporated over the whole. T! a 
on the surface of the flat, which are the edgws of X, 


appear in the surface of Y. A second flat with 
highly reflective but slightly transparent coating (2) 
is then brought close up, and the interferometer 
thus formed is examined by the reflected system of 
multiple beam precision fringes of equal thic|negs!, 
The accompanying reproduction, which was taken in 
a parallel beam of green light from a filtered mercury 
arc, shows the appearance of the fringes with 
thickness of X = 569 A. 





POSITIVE PRINT OF REFLECTED SYSTEM OF FRINGES OF EQUAL 
THICKNESS 


During reflectivity experiments with evaporated 
metal films a similar technique was adopted for de. 
termining the apparent thickness, except that the 
interferometer was examined with white light and a 
spectrograph to obtain channelled spectra’. This does 
not require so perfect a pair of optical flats and 
removes any ambiguity from the determination due 
to integral order fringe displacements. In such a 
system the flat carrying film Z must be optically 
isotropic to eliminate spurious polarized fringes. 

By adopting the reflected fringe system for measure- 
ments, the following advantages over the trans- 
mitted system are secured: (i) The transmission 
properties of layer X become unimportant. (ii) It is 
possible to deposit Y to an opaque thickness and 
so eliminate the dependence of the phase-change at 
reflexion on the underlying material. (iii) Layer Y 
attains its maximum reflectivity when it is just 
opaque. (iv) Subsidiary defects tend to sharpen the 
fringes ; for example, (a) lack of parallelism in the 
incident light, (6) intensity-curve distortion due to 
the blackening characteristic of the photographic 
plate. In the latter case microphotometer records 
show that, for the same pair of silverings, the photo- 
graphic image of the reflected fringe system can be 
about one third the width of that of the transmitted 
system. 

Silver was used for Y and Z in our experiments 
The accuracy attained was + 3A. 

To ensure that the thicknesses of Y deposited above 
X and the base are equal, it would seem desirable 
to bake the base in vacuo and then cool it during the 
evaporation. As high-grade optical flats cannot well 
be treated in this manner, the part of the base on which 
the measurements are to be made is first covered 
with a substrate of the material X. Then during the 
deposition of layer Y, the outgassing will be presum- 
ably uniform over the whole surface and no error in 
thickness should occur. Furthermore, any changes 
of structure in X or Y will be identical on both sides 
of the boundary. 
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The mass of metal contained on an area of film 
of measured thickness was determined by a colori- 
metric chemical method* capable of giving an 
accuracy of + 3 percent. From this the apparent 
density of the film of silver was derived. Typical 
results are : 

Thickness (A) 

Density (gm./c.c.) 
The density of solid silver is 10-5. 

The reflectivities of the silver films were measured 
and the resulting curves compared with those of 
Goos*, who used a micro-balance to estimate the 
mass of silver per square centimetre. The thicknesses 
he gives assume a density equal to that of solid silver 
in all cases. After correeting for differences in re- 
fectivity at opacity, his curves and ours are in good 
wreement, also showing qualitatively that the 
apparent density of our silver films is 10-5. 

Measurements of the electrical conductivity‘ of 
metal films show that the film continuity at a given 
thickness depends essentially on the cleanness of 
the surface and the degree of vacuum during evapora- 
tio. Our conditions are such that the films used 
for the thickness measurements probably have the 
fine-scale discontinuous structure revealed in electron 
microscope photographs’. This being the case, the 
‘thickness’ of the film is a difficult quantity to define. 
We refer to the thickness deduced from the procedure 
described above as the ‘apparent thickness’. Our 
measurements on silver show that this figure corre- 
sponds to that which would exist if the grains were 
smoothed to a uniform film having the density of the 
solid metal. It can be argued that the density of 10-5 
found for these films is a necessary result if the 
opaque film Y is continuous in structure. 

It may be that our conclusion does not hold if 
X and Y are not of the same material, and experi- 
ments on this are now being performed. 

The atomic beam measurements were made by 
A. Khamsavi, the reflectivity by W. K. Donaldson. 

Note added December 30.—Since the submission 
of the above account another letter has been published® 
which includes some common details. The necessity 
of eliminating the effects of the phase change at 
reflexion was early realized by us, and we thank 
Mr. Plessnerfor hisacknowledgment of theinformation. 
W. K. DonaLpson 
A. KHAMSAVI 
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Physical Laboratories, 
University, 
Manchester, 13. 
Dec. 10. 
'Tolansky, S., Proe. Roy. Soc., A, 184, 51 (1945). 
"Schoonover, I. C., J. Res. Nat. Bur. Stand., 15, 377 (1935). 
*Goos, F., Z. Phys., 100, 95 (1936). 
‘Bristow, J. R., Proe. Phys. Soc., 51, 349 (1939). 
‘Picard and Duffendack, J. Appl. Phys., 14, 291 (1943). 
*Plessner K. W., Nature, 158, 915 (1946). 





Measurement of Out-of-Phase Magnetic Fields 
in Betatrons 


Fie. 1 gives a plot (Curve A) of the magnetic field 
at the orbit (19 cm. radius) of a 20-MeV. betatron 
for the first thirty minutes of are of the quarter 
period during which the electrons are accelerated. The 
peak field is 3,600 gauss, reached at 90°, corresponding 
to 20 MeV. Fig. 1 also shows, again for Curve A, the 
equivalent injection voltage as a function of time ; 
for 20-kV. injection the pulse, assumed infinitely 
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short for simplicity, should be applied to the electron 
gun at some 25-26 minutes of arc, that is, about 
8 microsec. after the instant of zero field. The 
maghetic field at injection will then be about 25 gauss. 

Kerst' mentions that out-of-phase magnetic fields 
due to eddy currents in the magnet, etc., reduced 
the X-ray output in his betatron by a factor of 1-5-2, 
and corrected for them by passing D.c. through his 
expander coils. This implies that the out-of-phase 
fields were not serious in his case, and to a first 
approximation were uniform round the orbit circum- 
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ference. No data or measurements on these fields 
were given by Kerst in his paper. 
We have recently had occasion to devise a method 
for detecting-and measuring approximately out-of- 
phase fields in a betatron. Consideration of the hori- 
zontal lines of Fig. 1, which are in fact parts of sine 
waves (90° out of phase with the main accelerating 
field), representing out-of-phase fields varying from 
5 to 20 gauss, explains the method. We use two 
peaking transformers (the cores of which are each 
made of five short strips of 2-5 mil ‘Permalloy C’) 
which provide short voltage pulses very near the point 
of zero field (such as those at the intersections of 
the horizontal lines and the inclined line in Fig. 1). 
If, for example, the resultant fields at two points are 
in phase, the two-peak pulses would cancel out, if in 
opposition. Examination of the resultant diagram 
obtained in this way on a cathode-ray oscillograph 
enables an estimate to be made of the local out-of- 
phase magnetic fields. 
Typical records are shown in Fig. 2. Fig. 2a shows 
the pulse from a single-peaking transformer; Figs. 
26 and 2c show the resultant pulse obtained from two 
similar peaking transformers in opposition showing, 
in the case of Fig. 2b, a difference in the out-of-phase 
fields between the two positions of the peaking 
transformers of less than 0-8 gauss. In Fig. 2c 
the difference in out-of-phase fields is about 6-3 
gauss. We have in this way mapped the out-of- 
phase fields around the pole-pieces of the betatron 
magnet. 
Since the above tests were made, an abstract of 
&@ paper has appeared? in which a very similar method 
is described in brief outline. 
We acknowledge the invaluable help given by Mr. 
S. W. Redfearn of these laboratories, and thank Sir 
Arthur P. M. Fleming, director of research and 
education here, and Mr. B. G. Churcher, manager of 
the Research Department, Metropolitan-Vickers 
Electrical Co., Ltd., for permission to publish this 
note. 
W. Bostey 
J. D. Craces 
D. H. McEwan 
High Voltage Laboratory, 
Research Department, 
Metropolitan-Vickers Electrical Co., Ltd., 
Manchester, 17. 
Dee. 11. 
* Kerst, D. W., Rev. Sci. Inst., 18, 287 (1942). 
* Clark, A. F., Phys. Rev., A, 70, 444 (1946). 


Crystallization of Supersaturated Solutions 
by Means of Electric Current 


AccorRDING to a paper by Ubbelohde', when 
electrolysing supersaturated solutions of some electro- 
lytes, for example, copper sulphate, crystallization 
takes place on the copper anode. Some possible 
causes are mentioned, as, for example, colloidal 
particles or ionic clusters approaching the anode and 
then causing crystallization. 

The same phenomenon had already been observed 
in concentrated solutions of copper sulphate, and 
various explanations were put forward*. Only one 
investigator? mentions as the possible cause the 
increase of concentration taking place at the anode 
due to the electrolysis. The following experiments 
with supersaturated solutions make it probable that 
this indeed may be the only cause. 
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If, on electrolysing, the increase of concentration 
was prevented, no crystallization took place ; on th. 
other hand, if an increase of concentration wy 
caused in a different way, then crystallization took 
place even without electrolysis. Increase of op 
centration at the anode was hampered in three ways: 
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(1) By stirring. In some cases crystallization was 
prevented ; generally not, probably because suff. 
ciently intensive stirring could not be realized in the 
supersaturated solution. 

(2) By using other materials for the anode. 
Current-densities equal to and considerably str nger 
than those causing crystallization on a copper anode 
did not produce crystallization on platinum, carbon, 


tungsten or silver, but did on brass. 

(3) By using alternating current. In this case an 
increase of concentration in the first half-period 
is neutralized ir the second half-period. Indeed, 
no crystallization took place on copper elec. 
trodes with frequencies of 1—15,000 per sec., the 
current densities being a multiple of those that in 
the same time clearly caused crystallization with 
continuous current (3-15 mA./cem.*). (It should be 
noted that in our experiments crystallization was not 
observed for current densities so small as those 
applied by Ubbelohde (1 mA./em.*).) 

With still lower frequency (1/18 per sec.), however, 
crystals appeared on the anode at normal current 
density. It was evident that at this frequency the 
increase of concentration in a half-period was sufii- 
cient to form crystallization nuclei. 

A calculation of the concentrations occurring at 
the anode is given by Nernst and Schoenfliesz‘. With 
an initial concentration c, gm.equiv./]. and a current 
density of ¢ amp./cm.*, the concentration of the 
electrolyte after ¢ sec. is: 

2vi 


c Co + VxD Vt, 
where v is quantity of CuSO, .5H,O produced in | see. 
by a current of 1 amp. on the electrode surface. 

A supersaturated solution of copper sulphate with 
¢, = 0-50 gm./cm.? crystallized within 10 minutes at 
a current density ¢ of 0-060 amp./cm.*. Extrapolation 
of the transference number and coefficient of diffusion 
to a concentration of 0-5 gm./em.* from data given 
by Thovert and Wille® gives nan = 0-74 and D= 
19 x 107 cm.*/sec. From the formula given we 
calculate for c after 10 minutes 1-7 gm./em.*. Now 
it was found that a supersaturated solution, ¢ = 
0-8 gm./cm.*, crystallized within 10 minutes. 

It also appeared that on changing i, the time 
necessary for starting the crystallization to some 
extent satisfied the relation iV? = constant, as was 
to be expected from the above equation. The quant- 


itative observations were, however, not readily 
reproducible. 
Finally, the following is of importance. Simple 


reasoning from the ionic transference shows that, 
when electrolysing a solution of barium hydroxide, 
an increase of concentration occurs at the cathode. 
In agreement with this, electrolysis of a supersaturated 
solution of barium hydroxide caused crystallization 
to start at the cathode. 

Summary. When electrolysing supersaturated solu- 
tions of electrolytes, it is possible that by the trans- 
ference of ions at one of the electrodes, such a high 
concentration occurs that spontaneously crystalliza- 
tion nuclei are formed, which then grow in the super- 
saturated solution. 
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This investigation was suggested by Prof. 
w. G. Burgers. 
A. J. H. Borrsoom 
Laboratory for Physical Chemistry, 
Technical University, 
Delft. 
Dec. 18. 


iGbbelohde, A. R., Trans. Farad. Soc., 36, 863 (1940). 


‘Langley, J. W., Z. phys. Chem., 2, eee. Kowalewsky, 8., Ber., 
10, 404 (1877). Gray, Phil.’ Mag 22, 396, 4i3 (1880). 
Tommasi, D.. Elektrochem. Z., 11, 66 (1964) Pagiiani, 8., Adi 
R. ist. Ven., (6), 5, 24 (1887), cited in ref. 3. 

‘Wiedemann, G., Ann. phys. Chem., Beibl., 12, 211 (1888). 

‘Nernst, W., and Schoenfliesz, A., “Bint. Math. Beh. Nat. Wiss.”’, 
$81 (1918). 


‘Thovert, G., Ann. Chem. Phys., 26, 366 (1902). (‘‘Int. Crit. Tables’, 
6, 65 (1926) ). Wille, J., Z. phys. Chem., A, 171, 93 (1934). 





Stress-Optical Properties of Rubber 


CONSIDERABLE progress in the quantitative de- 
eription of the mechanical properties of rubber has 
taken place in recent years by the consideration of a 
rubber as a network of statistically kinked long-chain 
molecules. A treatment of the optical properties of 
strained rubber on this basis, assuming the links of 
the molecular chain to be themselves optically 
misotropic, has been developed by Kuhn and Griin' 
for the special case of a simple elongation, and by 
ne* for the general homogeneous strain. In the latter 
ase, the rubber has three principal refractive indices, 
fy, MW, and ms, corresponding to the three principal 
axes of the strain ellipsoid. 

For light propagated along a principal axis, the 
birefringence is found to be 

my C,N(A,* — A"), (1) 
vhere N is the number of chains per c.c. of the net- 
work, and A,, As, As are the principal extension ratios. 
The stresses ¢,, ¢, and ¢, are related to the principal 
extensions by equations of the type 

t, —t, = NkT (Ay* — Aq"). (2) 
Hence the birefringence in a principal plane is pro- 


—n, = 


§ portional to the difference of the principal stresses, 


and to the difference of the squares of the principal 
extension ratios. 

By stretching a rubber sheet in two perpendicular 
directions in such a way as to produce a homogeneous 
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strain, it has been possible to test these theoretical 
predictions. The closest agreement was obtained 
when the rubber was swollen with a solvent. Fig. 1, 
which refers to a pure gum natural rubber swollen 
in paraffin to about twice its original volume, con- 
firms equations (1) and (2) fairly precisely. 

In these experiments the stress (t,;) normal to the 

sheet was zero. In this case, the stress ¢, in the 
direction corresponding to A, is, according to the 
theory, 
NkT (a,? — 2,7), (2a) 
where A, is the extension ratio in the direction normal 
to the surface of the sheet. However, on plotting ¢, 
against (A,* — ,*), the points fall, not on a straight 
line, but on a series of arrays (Fig. 2). In any one 
of these arrays one force f, (corresponding to the 
stress ¢,) is constant, while the other force f, 
varies. 

A physical explanation of this departure from the 
behaviour predicted by the molecular theory has not 
been found. It is, however, exactly the type of 
behaviour to be expected from the more general 
theory of elasticity developed by Mooney’, on the 
assumption that Hooke’s Law is obeyed in shear. 
From Mooney’s theory, the principal stresses are 
found to be related to the extension ratios by equa- 
tions of the type 

t, —t, = (G + K,*) (2,* — A,"). (3) 

With a suitable choice of the constants G and K, 
the graphical solution of these equations leads to 
results which, when plotted as in Fig. 2, agree remark- 
ably well with the experimental data. 

For the dry rubber, on the other hand, Hooke’s 
Law was not obeyed in shear, and neither the mole- 
cular theory nor Mooney’s theory accounted quantita- 
tively for the experimental data, though Mooney’s 
theory provided the closer approximation. 

L. R. G. TRELOAR 
British Rubber Producers’ Research 
Association, 
48 Tewin Road, 
Welwyn Garden City, 
Herts. 
Dec. 12. 


2 Kuhn and Grin, Koll. Z., 101, 248 (1942). 
*Treloar, Trane. Faraday Soc., in the press. 
* Mooney, J. App. Phys., 11, 582 (1940). 
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Luminescent Decomposition of Nitrous Oxide 


THe thermal dissociation of nitrous oxide has 
received considerable attention in the past in con- 
nexion with the collision theory of unimolecular and 
bimolecular reactions', and it is known that oxygen 
atoms can be produced as a result of the primary 
dissociation N,O= N,+ 0. This dissociation was 
considered to be the chain-initiating process in the 
H,—N,0 reaction by Melville’, and in the CO—N,O 
reaction by Bawn*. In view of the production of 
atomic oxygen in the decomposition of nitrous oxide, 
some work has been carried out on the N,O—SO, 
system in order to obtain some basic information on 
the association reaction SO, + O = SO,, a process 
believed to be of some importance in relation to the 
oxidation of sulphur dioxide in flames‘. This work 
will be reported in detail elsewhere; but it is the pur- 
pose of this note to describe some observations on the 
nature of the luminescence accompanying the de- 
composition of nitrous oxide at temperatures of the 
order of 900° C., and the effect of various additions 
on this. Zeldovitsch and Jakovlev® have studied 
briefly the explosive decomposition of nitrous oxide 
at high temperatures, and the appearance of yellow- 
green flashes in the combustion of carbon in nitrous 
oxide at 600-800° C. has been recorded by Shaw‘ and 
Arthur’. 

A flow method was used in which nitrous oxide 
was passed at a steady rate through an electrically 
heated quartz tube, 3 cm. in diameter and 20 cm. 
in length, at one end of which was a quartz window. 
The temperature of the tube was raised at a steady 
rate of 10°C. a minute, and no luminescence was 
observed in the decomposing gas for temperatures 
up to 850°C., although above 750° the exit gases 
were tinged brown, due to the formation of oxides 
of nitrogen. At 850° a very pale yellow-green haze 
was seen in the tube, and the rate of increase of 
temperature was reduced to 5°C. a minute. The 
intensity of the glow gradually increased, and at 900° 
a vivid luminescence was given. At a flow-rate 
corresponding to a time of contact of 3 sec. a series 
of flashes occurred, and by adjusting the rate to 
correspond to a time of contact of 1 sec. it was 
possible to maintain a steady glow of high intensity. 

When | per cent by volume of chlorine was added, 
the intensity of the glow was very much reduced, 
and with 2 per cant chlorine the glow disappeared. 
On the addition of a similar quantity of sulphur 
dioxide the intensity of the glow was apparently 
unaltered, although visual observation was complic- 
ated by the formation of a dense cloud of sulphur 
trioxide. Formation of the latter, detected by the 
formation of sulphuric acid mist on bubbling the exit 
gases through water and simultaneous measurement 
of the dew-point of the exit gases*, in the N,O—SO, 
system was found to take place at temperatures so 
low as 550—-600°, where the decomposition of nitrous 
oxide as revealed by ordinary manometric methods 
is exceedingly slow. 

The spectrum of the glow was recorded on a Hilger 
medium quartz spectroscope and was found to consist 
of a continuum extending from the visible to the 
ultra-violet with a maximum intensity in the yellow- 
green. With long exposures it was possible to observe 
faint emission bands superimposed on the continuum, 
and these were found to be due to nitrous oxide. 
In its general characteristics the glow accompanying 
the high-temperature dissociation of nitrous oxide is 
very similar to that given when nitric oxide reacts 


with atomic oxygen in a discharge tube, or is ada, 
to flames containing oxygen atoms; it can 
attributed to the association reaction NO + 9 ~ 
NO, + Av (continuous), @ process which lias “beg 
described in detail by Gaydon’. 

The formation of nitric oxide in the decompositig 
of nitrous oxide is usually considered to arise frog 
the attack of atomic oxygen on it : N,O + O = 2No. 
although at temperatures of 900—1,000° C. the por. 
sibility of the primary dissociation N,O = N + No 
also arises. Both these reactions require a high energy 
of activation”, and sufficient nitric oxide ; a visib), 
glow with the atomic oxygen present is not give, 
until high temperatures are attained. . 

G. WHITTINGHAM 
British Coal Utilisation Research Association, 
13 Grosvenor Gardens, 
London, 8.W.1. 
Jan. 2. 
* Musgrave, F. F., and Hinshelwood, C. N., Proc. Roy. S 
(1932); 187, 25 (1932). 
* Melville, H. W., Proc. Roy. Soc., 142, 524 (1933). 
* Bawn, C. E. H., Trans. -Paraday Soc., $1, 461 (1935). 
* Dooley, A., and Whittingham, G., Trans. Faraday Soc., 42, 354 (1946 
* Zeldovitsch, J. B., and Jakoviev, B. I., C.R. Acad. Sei., U.S.3.R 
19, 699 (1938). 
* Shaw, M. S., J. Chem. Soc., 2661 (1929). 
’ arthur, J. R., private correspondence. 
* Whittingham, G., Nature, 157, 550 (1946). 
* Gaydon, A. G., Proc. Roy. Soc., 183, 211 (1944). 


bh Henriques, jun., F. C., Duncan, A. B. F., and Noyes, jun., W. 4. 
J. Chem. Phys., 6, 518 (1938). 


A Novel Method of Making Aerosols 


THe phenomena occurring when a closed vessel 
containing a simple liquid is heated to a temperature 
vbove the critical temperature of the liquid are well 
known. What happens when a solution, and more 
especially a solution of a substance having « very 
small vapour pressure, is treated in the same way is 
perhaps less familiar, although the findings of several 
investigators are on record'. In some binary <vstems 
@ partial separation of the components takes place 
as the critical point is approached; in others, no 
heterogeneity can be detected even when the liquid 
phase has vanished. In this connexion we have made 
some observations in small-scale experiments in 
which sealed capillary tubes (1 mm. bore, with thick 
walls) partly filled with aqueous solutions of potassium 
chromate were slowly heated. Even when the con- 
centration of potassium chromate was increased to 
50 gm. per 100 ml., n> separation of solid occurred 
when the critical temperature (in this case, about 
430° C.) was attained, and the whole of the system 
passed into the vapour state, the colour of the solute 
becoming uniformly distributed throughout the tube. 
On cooling, liquefaction took place and the original 
solution was spontaneously re-formed. 

In our view, the most remarkable feature of these 
events was that a refractory solid had been com- 
pletely vaporized at a temperature some 500° C. below 
its melting point, and it occurred to us that this 
method of bringing substances of very low volatility 
into the vapour state might be used for the pro- 
duction of aerosols of these materials, provided a 
rapid expansion of the vapour, accompanied by dilu- 
tion with air, could be arranged (cf. the formation 
of smokes by condensation). We therefore repeated 
the experiment of heating a sealed tube containing 4 
50 per cent solution of potassium chromate in water, 
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T 18 Qddedi,..¢ on this occasion heating was continued until the 
Can abe burst. The explosion took place in a small 
‘ + O sf om, and we were able to show that an aerosol of 


has bee »tassium chromate had been formed. Most of the 


icles in a cloud sample, obtained by means of a 


"p0sitiaMxermal precipitator, were of the order of ly 
‘rise from ameter, but a small number of more massive 


) = 2NOQ; 


. the 


yarticles (about 10u diameter) were also found. 


be + ND \ithough this cloud compared unfavourably, as a 
\ NO 


ispersion, with the smokes that can be made by 


54 energy BE nventional methods, we are of the opinion that a 
® Visible # wore uniformly and more finely dispersed system 
108 Given Mould be obtained by more careful control of the 
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«pansion and dilution of the vapour mixture than 
vas attempted in the test we have described. 

These observations were made in 1941, and we 
ye grateful to the Director-General of Research 
Defence), Ministry of Supply, for permission to 
mblish this account. One of us (B.A.T.) is no 
pnger in the service of the Ministry. 

W. H. Watton 
B. A. Toms 





Ministry of Supply, 
chemical Defence Experimental Station, 
Porton, Wilts. 
Dec. 11. 


For a bibliography of earlier literature, see ‘“‘Solubility Measurements 
in the Region of the Critical Temperature”, by C. H. Holder and 
O. Maass, Canad. J. Res., 18, Sec. B, 293 (1940). 





Absolute Axes and Tidal Forces 

Ir has been shown! that at any point of space-time, 
whether empty or occupied by matter, it is possible 
to define a system of absolute axial directions, in- 
lependently of the Ricci tensor, and, in general, 
miquely. The method makes use of a tensor which 
has since been proved by Ruse* to be identical with 
the conformal curvature tensor of Weyl. It may be 

: supposed that this system of axes is of mathematical 
interest only, but it appears possible to give it a 
simple physical interpretation. 

The complete Riemann — Christoffel tensor Byz; 
an be expressed in terms of the Ricci tensor Gy, and 
the conformal curvature tensor Cig; by the formula'.* 
Byes = Ciger — 2(9iz Gyr + 9g Gin — 9 Giz — 95z Ga) + 

(Giz In — Git O3R)G- (1) 
Since Gy and Cj; have each ten, and Bix has 
twenty, independent components, it follows that 
Gy and Cjj4; are algebraically independent. 

Thus, the conformal curvature tensor represents 
certain properties of the field which are independent 
of the Ricci tensor and, therefore, of the stress-and- 
energy tensor derived from it. These properties must 
be independent of the nature and motion of the 
matter at the point, since the latter are fully de- 
scribed by the stress-and-energy tensor. They must, 
therefore, represent effects of the outside world on 
conditions at the point. 

The idea, therefore, suggests itself that the con- 
formal curvature tensor représents the tidal forces, 
these forces being due to external gravitating bodies 
and showing themselves in a distortion of the shape 
of a deformable body placed at the point. That this 
interpretation is probable may be shown by consider- 
ing a weak static field, which can be represented by 
& Newtonian potential. 

Thus, in the Schwarzschild field of an isolated 
particle, the components of Cig reduce effectively 
to two, which may be written' 
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2 2m m 
C 3 = aa = OP ane ee = se = as = Se =_, 
a3 Ci r3 31 Cu CO. Cy r3 (2) 
The Newtonian potential is 
V==; (3) 
Pa 
and we have 
eV av aV 
c™ =p os , ‘31 -— < gus —. ; 4 
a3 ox? C.. Oz.,? 12 oz? ( ) 


2, 2, 2, being Cartesian cc .or ‘nates coinciding 
locally with the spherical r 

In this case, therefore, tl « 
second order which represents v. 
of the tidal field is given by the 


O% dz,* + C% dz,» + C® dz,’ 


‘monic of the 
ing potential 
« szatic form 


(5) 


By superposition we can generalize this form for 
all Newtonian fields. To obtain a tensor form we 
must replace the linear elements dz,, dz,, dz, by 
the orthogonal surface-elements dS**, dS**, dS'"*. We 
are thus led to consider the quadratic form 


Cigu ASU ASH, (6) 


which is the basis of the system of absolute axes 
referred to’. 

In a general Newtonian field the tidal forces at 
any point may be explored by placing there a small, 
freely falling, non-rotating fluid planet. This will 
then, in general, take up an ellipsoidal shape, under 
the joint influence of its own gravitation and the 
external tidal forces. The directions of the principal 
axes of the ellipsoid depend only on the external 
field and may be taken as the directions of a system 
of absolute local Cartesian co-ordinates. 

In a general Einstein field, which may be strong 
and rapidly changing, the appropriate generaliza- 
tion of this system is given by the system of local 
Galilean axes with directions defined by the con- 
formal curvature tengor. 

A. G. D. Watson 
Admiralty Signal Establishment, 
Haslemere, \ 
Surrey. 
? Watson, A. G. D., Proc. Edin. Math. Soc, (2), 6, 12 (1939-41). 
* Ruse, H. S., Proc. Edin. Math. Soc., (2), 7, 144 (1942-45). 


Stabilization of Penicillin in Aqueous 
Solutions bY Low Concentrations 
of Phosphates 


THE practical problems presented by the instability 
of penicillin in aqueous solution are well known, and 
much attention is being focused on their solution. 
The importance of these problems is intensified by 
the current trend toward commercial production of 
penicillins of increased purity, since it is now well 
recognized that, under comparable conditions of stor- 
age, sterile aqueous solutions prepared from crystalline 
penicillin G lose their antibacterial potency more 
rapidly than do solutions prepared from partially 
purified penicillin of somewhat lower purity. 

Following clues suggested by the results of ferment- 
ation experiments’, it has been observed repeatedly 
in these Laboratories that addition of small amounts 
of phosphate, in the form of suitable mixtures of 
monobasic and dibasic potassium or sodium phos- 
phates, markedly retards the destruction of penicillin 



































































234 


in aqueous solutions. Less phosphate is required to 
‘protect’ partially purified penicillin than crude 
liquor. When the present work was well under way, 
a publication* appeared which tended to corroborate 
these observations. The presence of sodium chloride 
(physiological saline U.S.P.) in the solution does not 
interfere with the protective action of the phosphate. 
The effect is probably independent of, or at least is 
not dependent primarily upon, the buffer action of 
the phosphates on the hydrogen ion concentration 
of the solution, since the same effect has been noted 
in different experiments set up with initial pH values 
from 5-7 to 6-8. In none of these did the pH change 
more than 0-1 unit during the period of observation. 
Furthermore, the pH values of control solutions in 
saline containing no phosphate have been very close 
to the pH of the solutions containing phosphate, yet 
the latter have repeatedly been shown to be more 
stable. 

Experiments have been carried out with solutions 
of penicillin varying in initial concentration from 
about 2,000 to about 20,000 units per millilitre and 
stored at temperatures from 2°C. to 50°C. Values 
outside these limits have not been studied except 
in the case of crude liquors. The observations have 
been duplicated many times during the last two and 
a half years using crude liquors*, solutions prepared 
from commercial penicillin from numerous production 
lots ranging in purity from 846 to 1,156 units per 
milligram and a preparation of crystalline peni- 
cillin G. 

The optimum concentration of phosphate for solu- 
tions prepared from partially purified sodium or 
calcium penicillin is about 0-005 M. The optimum 
concentration-range with respect to unitage of peni- 


cillin is relatively wide for the sodium salt, being in 
the order of 0-0525—0-184 millimoles phosphate per 


10* units of penicillin; but is much more critical 
for the calcium salt. The useful life of sterile solutions 
of sodium penicillin in physiological saline is increased 
three- to five-fold, depending upon the temperature, 
when phosphate is present in a concentration of five 
millimoles per litre and 0-0525 millimoles per 10* 
units. The three- and five-fold increases are for 
solutions stored at 2°C. and at room temperature 
(c. 25° C.), respectively. The useful life has been 
taken as the time required for loss of 15 per cent 
of the antibacterial potency. This figure was chosen 
because under the present regulations of the Food 
and Drug Administration 15 per cent leeway is per- 
mitted in the potency of penicillin preparations. If 
desired, the sodium chloride content of the saline 
may be reduced slightly in such solutions so that the 
solution is isotonic with normal saline. This seems 
unimportant, however, since calculations* show that 
introduction of the phosphates in the concentrations 
employed increases the lowering of the freezing point 
only 0-018°C., the equivalent of less than 0-3 gm. 
NaCl/1. 

The phosphate may be incorporated in the saline 
solution to be used as a diluent for the dried penicillin 
or may be added to the concentrated aqueous solution 
of penicillin prior to lyophilizationf in such quantities 
that, upon solution of an aliquot of the dried peni- 
cillin in a suitable volume of saline, the desired con- 
centrations of phosphate with respect to molarity 
and to unitage of penicillin will be obtained. For 

* The Initial concentrations of penicillin activity in the crude liquors 
varied from 50 to 200 units per millilitre and the pH at harvest varied 
vorhis 1 may be used entirely satisfactorily with sodium 
penicillin, but has not been tried generally with the calcium salt. 
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Per cent initial antibacterial ncy remaining in sterile solutions 
of sodium penicillin in physiological saline U.S.P. (solid curves) 
and in saline contalaing 5 millimoles phosphate per litre (dashed 
curves) after different periods of storage at 2° C. (upper pair of 
curves) and at room temperature, that is, about 25° C. (lower 
pair of curves). In this set of experiments initial concentration 
of phate with respect to penicillin = 9,525 units per milll- 
litre ; initial concentration of eae with respect to penicillin 
= 0-0525 millimoles per 10° units ; and pH = oF 








routine work we have used 60/40 mixtures of equi- 
molar stock solutions of monobasic and dibasic 
phosphates. The exact concentrations that we have 
used most extensively in our phosphate-saline mix- 
tures are NaCl, 0-14 M. (8-18 gm./l.); NaH,PO,.H,0, 
0-003 M. (0-41 gm./l.); and Na,HPO,, 0-002 M. 
(0-28 gm. anhydrous salt/l.). This solution, having 
a calculated freezing point lowering of 0-56°C., is 
isotonic with blood serum. The results obtained in 
typical experiments with a sodium salt of penicillin 
are shown graphically in the accompanying figure. 

It should be emphasized that, as was pointed out 
above, the relative concentrations of phosphate and 
of penicillin are critical with calcium penicillin. While 
remarkable success has universally attended attempts 
to stabilize solutions of sodium penicillin with phos- 
phates, only about half the trials with the calcium 
salt have been successful. The optimum concentra- 
tion of phosphate for preserving calcium penicillin 
is probably about 0-005 M., and the optimum con- 
centration of phosphate with rospect to penicillin 
is probably in the vicinity of 0-15 to 0-18 millimoles 
of phosphate per 10° units. Concentrations of phos- 
phate that are satisfactory with one lot of calcium 
penicillin, however, may be unsatisfactory with an- 
other lot, indicating perhaps that the qualitative 
and/or quantitative nature of the impurities present 
is important in determining the effectiveness of the 
phosphate treatment for a given lot of the calcium 
salt. A tendency for a white precipitate (presumably 
calcium phosphate) to form has been noted when 
certain lote of calcium penicillin were treated with 
the mixture of phosphates, whereas solutions prepared 
from other lots have remained clear. 





pan, hor 
trati 
ubstan 
In orc 


lays or 
eter. 
be achie 
ith sul 
nents 
het her 
ould ¢g 
or inter 
nm some 
n effec 
Wenner 
placed | 
The ( 


growth 





2 


lutions 
curves) 
dashed 
pair of 
(lower 
tration 
r milll- 
nicillin 


f equi- 
dibasic 
e have 
© MmIx- 
H,0, 
02 M. 
having 
"C.. & 
ned in 
nicillin 
ure. 
ed out 
te and 
While 
empts 
phos- 
icium 
entra- 
icillin 
1 con- 
icillin 
moles 
phos- 
Jcium 
h an- 
tative 
resent 
of the 
leium 
nably 
when 
with 
pared 


wo. 4033 February 15, 1947 


The mechanism responsible for the protective 
tion of phosphates on penicillin is not clear at 
gent, but it may well be effected through an 
terification of part of the molecule similar to that 
ported for a number of other compounds of bio- 
gical interest‘, and a consequent blocking of an 
zyme system involved in the processes of 
’ struction. 
ROBERTSON PRATT 

Research Division, 
Cutter Laboratories, 

Berkeley, 

California. 

Dec. 26. 

, Amer. J. Bot., 32, 528 (1945). 

J., and Yudkin, J., Nature, 156, 82 (1945). 

yan, F. M., Enright, J. M., and Wells, J. M., J. Amer. Pharm. 


Assoc. oe. Ed.), 33, 74 (1944) 


fumler, W. D., and Eiler, J. J., J. Amer. Chem. Soc., 66, 2355 (1943). 


ew Substances Exerting a Combined Bac- 
riostatic and Respiration-inhibiting Effect on 
Tubercle Bacilli 


Most of the preparations with a chemotherapeutic 
fect against tubercle bacilli which have hitherto 
hen tested have been bacteriostatic. The reactions 
yeurring between chemotherapeutic substances of 
his type and the bacterial cell are of a reversible 
taracter. A considerably better effect should be 
hieved if a preparation producing irreversible 
hanges could be discovered. The simple sulph- 
ilamides, that is, those the effect of which is counter- 
ted by para-aminobenzoic acid, are typical of such 
wteriostatic substances. They give a good effect 
n vitro, and in animal experiments they show a 
finite though weak effect'. Derivatives of the 
have 


imple sulphanilamides, for example, promin, 
gven better results in tn vivo experiments’. 
It seems probable that the value of the sulph- 
ilamides as chemotherapeutic agents would be 

tly increased if, in some way, they could be made 


) interfere with bacterial metabolism directly. 
imple sulphanilamides and promin certainly can 
terfere in bacterial metabolism. Thus measure- 
nents of the respiration of pathogenic human tubercle 
weilli in a Warburg respirometer show a reduction 
hoxygen consumption under the influence of sulph- 
ilamide, sulphathiazole, sulphanilylmethylpyri- 
nidin, promin and other substances*. This effect 
, however, only be detected when very high con- 
trations, for example, 0-2—-1-0 per cent of the 
ubstances are used. 
In ordinary therapeutic concentrations, the sulpha- 
imgs have no action in inhibiting respiration even 
f the cultures have been treated with them for several 
lays or weeks previous to the test with the respiro- 
wter. It is possible that the desired effect might 
achieved if bacteriostatic substances were coupled 
ith substances inhibiting respiration. These experi- 
ents have therefore been aimed at finding out 
rhether chemical combination of two such substances 
ould give a compound which retained its capacity 
or interference in bacterial metabolism. It is possible 


n some cases to produce compounds having such 


n effect, as has been shown by Dr. H. Willstaedt, 


Venne r-Gren’s Institute, Stockholm, who v ery kindly 


laced them at my disposal‘. 
The effect of such compounds in inhibiting the 
rowth of tuberele bacilli on Léwenstein’s medium 
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was studied, as well as their effect on respiration, in 
order to find out whether they would show the same 
or better bacteriostatic effect than that of the com- 
ponents. It had been shown that with a mixture of 
the components the effect was merely additive. 

In the accompanying table are given the results 
of tests on [2-methyl-indole-(3-azo-4)-benzene-1- 
sulphony]]-3,4-dimethylbenzamide (W. 134)*, and its 
components p-amino-benzenesulphony1-3,4-dimethy]- 
benzamide(‘Irgafen’) and 2-methylindole (M.1). Their 
effect was tested on pathogenic human bacilli. 


CH, 
NC >so,nHco€ cH, 


W. 134 


CH, J 
. ee aaa : / " 
HNC s0,NHCOK H, | 
A hts 
NH 
M.1 


Inhibition of | 
respiration 
as % of that 
in thé control 


Elementary 


Sub- 
formula 


stance Tota! inhibition 


20 40 | 
Milli- | mem. | mgm. 
! 9, o } 


- | em./t.| 
| mol. fil % eo | 


| tion 
M.1 | C,H,N | o- 125 | 0-96 | 35 | a5 
“*Irga- 

fen’ 
W.134 


a i " 
131 | 1/8,000 
| 


304 


0-100} 0-33 0 
446 


0 ned 0-14 45 


C,H raf ),N,5 
CoH yO5N,5 


1/10,000 
1/16,000 


It appears from the table that inhibition of growth 
occurred with a concentration of 1/8,000, 1/10,000 
and 1/16,000 respectively for the substances methy]- 
indole, ‘Irgafen’ and their combination product. The 
concentration in millimol./litre of the substances is 
0-26, 0-33 and 0-14 respectively. 

One of the substances coupled, ‘Irgafen’, has little 
or no effect on the oxygen consumption of the tubercle 
bacilli, but methylindole and the finished product 
diminish it appreciably. 

It is thus possible to produce a compound which 
can interfere with bacterial metabolism by combining 
two growth-inhibiting substances, of which one is a 
powerful inhibitor of respiration, and by these means 
obtain better bacteriostatic power than with either 
of the substances coupled. 

Experiments with many other similarly constructed 
compounds are in progress. Reports on these will 
be given later. 

Bo ZETTERBERG 
Institute of Physical Chemistry, 
Institute of Hygiene and Bacteriology, 
University of Uppsala. 
Dec. 21. 


* Jensen, K. A., et al., Acta Path. et Microbiol. Scand., 20, 133 (1943), 
Suppl. 54, 277 (1944). 

* Feldman, W. H., and Hinshaw, H. C., Amer. Rev. Tub., 48, 256 (1943). 

* Zetterberg, B., unpublished investigations. 

* Willstaedt, H., Svensk Kem. Tidskrift, 54, 233 (1942) ; 

* wee H., and Borggdrd, M., Svensk Kem. Tidskrift, 57, 


56, 267 (1944). 
254 


*The synthesis of this substance will be described elsewhere by 
Willstaedt. 
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Influence of di-Methionine and Other 
Substances on the Nephrotoxic 
Action of di-Serine 


di-SERINE introduced either by stomach tube or by 
intraperitoneal injection causes severe kidney damage 
in young rats'*. In view of the probable interaction 
of serine and methionine in the rat*-*, the influence of 
methionine on the serine effect was studied. Male rats 
weighing approximately 100 gm. were given 100 mgm. 
dl-serine by stomach tube and killed 24 hours later. 
Litter mates received the same amount of serine, 
and in addition dl-methionine in amounts varying 
from 100 to 600 mgm. subcutaneously in several 
injections preceding and following the administration 
of serine. 24 rats given serine alone showed extensive 
renal necrosis localized in the region of the cortico- 
medullary junction (see Fig. 1). Of 39 animals given 
methionine in addition, 30 showed no lesions or only 
minute lesions (see Fig. 2). Only in two rats was no 
protective effect seen. 


Fig. 1 Fig. 2 
Fig. 1. NSOCROSIS IN THE KIDNEY OF A RAT ON A PROTEIN-DEFICIENT 
DIET FREE FROM VITAMIN B COMPLEX SACRIFICED 24 HOURS AFTER 
THE ADMINISTRATION OF 100 MOM. dl-SERINE BY STOMACH TUBE. 
(x ¢. 50) 


Fig. 2. COMPLETE PROTECTION AGAINST THE NEPHROTOXIC ACTION 
OF SERINE BY TWO INJECTIONS OF 100 MGM. dl-METHIONINE IS SEEN 
IN THE KIDNEY OF A LITTER-MATE FURNISHING FIG. 1. (x ¢. 50) 


Of other sulphydryl compounds tested, [(+) 
cysteine hydrochloride was considerably less effective, 
while glutathione (glutaminylcysteinylglycine) regu- 
larly afforded complete protection. 1(+) Glutamic 
acid had a slight influence, but glycine exerted con- 
siderable protection. Similarly dl-alanin, glycolic acid 
(hydroxyacetic acid) and dl-threonine prevented the 
nephrotoxic action of dl-serine. 1(-+)Histidine mono- 
hydrochloride, 1(+) arginine monohydrochloride, 
lactic acid, pyruvic acid and butyric acid afforded 
some protection, while sodium chloride and sodium 
acetate were without any influence. 

These experiments are being extended and will be 
published in detail. 

Max WACHSTEIN 
Department of Pathology, 
Mount Sinai Hospital, 
New York, N.Y., 
and 
E. A. Horton Memorial Hospital, 
Middletown, N.Y. 
Dec. 13. 


! Fishman, W. H., and Artom, C., J. Biol. Chem., 145, 345 (1942). 

* Artom, C., and Fishman, W. H., Proc. Soc. Ezp. Biol. and Med., 
57, 239 (1944). 

* Binkley, F., and du Vigneaud, V., J. Biol. Chem., 144, 507 (1942). 

* Stetten, de W., Jun., J. Biol. Chem., 144, 501 (1942). 


Circulation in the Frog 


Most text-books of elementary zoology contain a, 
account of the circulation of the frog. These accounts 
which are based largely on the views of Briicke" ang 
Sabatier*, differ in minor details, but agree ‘hat the 
frog’s heart, though possessing only a single ~entrigle 
functions, nevertheless, so that the so-callec arterial 
blood, returning by the pulmonary veins, is mixed 
only slightly with the venous blood. The mixed 
blood is sent through the systemic arches to the 
hinder part of the body. Meanwhile the head region 
is supplied through the carotid vessels with pun 
arterial blood, while the greater part of the venoys 
blood is sent through the pulmo-cutaneous vessels io 
the lungs and skin. 

This hypothesis, based on somewhat slender experi. 
mental evidence, proved very satisfactory, no doubt, 
to the nineteenth-century comparative anatomists, 
Then it seemed natural to seriate the incomplete 
double circulation of the frog, as an example of the 
Amphibia, between the single circulation of the fish 
on one hahd and the double circulations of certain 
reptiles, birds and mammals on the other. Since the 
time of Briicke, however, many facts have been dis. 
covered. For example, the incompletely divided 
heart of Lepidosiren has been described* ; again, the 
results of paleontological investigation have shown 
that, so far as their skeletal elements are concerned, 
the modern Amphibia have departed widely from the 
structure exhibited by the earliest members of that 
group‘. In addition, there have been described‘ 
certain abnormal hearts of individual frogs in which 
the circulation could not possibly take place as the 
Briicke — Sabatier hypothesis requires ; the fact that 
such frogs were apparently capable of leading a 
normal existence shows that the supposed selective 
distribution of the blood is, in fact, unnecessary. 

In more recent years, Ozorio de Almeida’ and Noble 
claim to have demonstrated by experimental! methods 
that in certain Amphibia in which the interauricular 
septum is complete and a spiral valve present in the 
conus, the arterial and venous bloods mix but little. 
However, Vandervael*, who was the first to place 
an illuminant under the heart and observe the passage 
through it of Indian ink particles by means of trans- 
mitted light, found that very considerable mixing 
does take place. This author also directed attention 
to certain physiological considerations, notably the 
extensive cutaneous respiration of the frog, and con- 
cluded that a mixing process is much more likely 
to be in keeping with the frog’s mode of life; for 
when it is submerged the skin will be the only source 
of oxygen supply (apart from any stored in the lungs) 
He suggests that when lung breathing is used, it will 
supplement the oxygen content of the blood obtained 
from cutaneous and bucco-pharyngeal respiration, 
and that, by mixing, this increase will be distributed 
to all parts of the body. 

Recently”, Vandervael’s experiments have been 
repeated using methods which obviate both the 
possibility of the injection increasing the cardia 
intake in such a way as to invalidate the results, 
and also that of affecting the heart by heat derived 
from the illuminant. The results obtained confirm 
Vandervael’s observations. By the methods used it 
can clearly be seen that (a) the spiral valve of the 
conus does not direct the first blood to leave the 
ventricle into the pulmo-cutaneous vessels, as the old 
hypothesis requires ; (6) that the blood commences 
to move and ceases movement in the carotid, systemic 
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yad pulmo-cutaneous arches simultaneously and not 
onsecutively ; (¢) when Indian ink particles are 
iatroduced into the blood-stream by way of the 
gulmonary vein, they are distributed to carotid, 
wstemic and pulmo-cutaneous trunks and not to 
ihe first two of these only } and (d) when introduced 
through one of the anterior venz cave, or a tributary 
¢ these, Indian ink is not excluded from the carotid 
greulation. 

This work has now been extended" by the intro- 
jaction into the blood-stream of the radio-opaque 
sedium ‘thorotrast’; its subsequent movements 
ping traced by serial radiographs made at intervals 
fa few seconds. This has overcome the difficulty 
{making direct observations with transmitted light 
gd has provided permanent records of the distribu- 
on of the injection medium when injected both 
rough the pulmonary vein and vena cava routes. 
fhese radiographs give no support whatever to any 
wn-mixing hypothesis, and indicate strongly that 
ensiderable mixing does, in fact, take place. 

We are thus faced with the situation that, on the 
aperimental evidence before us, the non-mixing 
iypothesis is not proved ; it is also at variance with 
the evidence derived from the physiological study of 
the frog’s heart and the study of abnormalities. 
Palaontology, so far as it can be introduced into the 
wesent argument, points strongly to the fact that it is 
ndesirable to attempt to place the modern Amphibia 
mywhere near the main line of vertebrate evolution. 
ia the present state of our knowledge, it seems best 
to regard the frog’s heart, with its adaptations for 
neeiving its oxygen and food supplies from the blood 
pasing through it and not, as in other vertebrates, 
by way of a coronary supply, as being specially 
apted to an animal in which a high proportion of 
the respiratory exchange is cutaneous. 

G. E. H. Foxon 


No. 4033 


Department of Zoology, 
University College, 
Cardiff. 

Jan. 7. 
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A Mistaken Symbiont of Oliarus cuspidatus 


BucHNER! mentions somewhere in his work, 
unfortunately not available here, that in the absence 
of general knowledge of symbiosis, spermatozoa have 
been recorded in the literature when they were really 
bacteria. At least in one instance enthusiasm has 
led to a mistake in the opposite direction, for 
spermatozoa have been illustrated as _ bacteria. 
Oliarus cuspidatus is a Fulgorid insect which is 
supposed to contain as many as five tumours, each 
with & specific symbiont of its own; this record 
being the highest claimed so far. It is a rare insect 
in Germany, where even Buchner was unable to pro- 
cure any specimen for his own investigation. Sule? 
found it near Brno in Czechoslovakia, and our 


NATURE 





Fig. 1. SYMBIOTIC BACTERIUM OF O. cuspidatus ACCORDING TO SULC, 
WHO HAS IDEALIZED IT AS SUCH. REDUCED TO? 


Fig. 2. SECTION OF TUMOUR WITH SYMBIOTIC BACTERIA SY, In 
O. cuspidatus, aCCORDING TO 5SvULc. THIS IS A MALE GONAD, 
SY BEING SPERMATOZOA. REDUCED TO # 


knowledge of symbiosis in this insect is entirely due 
to him. 

I spent some four months in Brno, where Prof. 
Sule kindly procured for me a few specimens of O. 
cuspidatus. In the following year I moved to Prague, 
where Dr. Stepanek, of the National Museum of 
Natural History, kindly directed me to a locality 
from which I obtained a few living specimens of this 
insect. Neither at Brno nor at Prague could I con- 
firm the existence of bacteria illustrated by Sulc® in 
his Fig. 21, which I have copied (see Fig. 1). The 
micro-organism is so long that anyone searching for 
it should have easily confirmed the previous record. 
The tumour containing these long bacteria has been 
named by Sule “‘interfollicular mycetome’’ and 
illustrated in his Fig. 20, showing the symbionts as 
Sy; his illustration has been copied (see Fig. 2). 
Strangely enough, I could not even find this tumour 
in O. cuspidatus. Buchner*, and more recently H. J. 
Miiller*, have studied Fulgoride, but neither their 
studies nor those of Sule himself upon other Fulgorid 
insects refer to an interfollicular tumour, O. cuspidatus 
being the only exception recorded in the literature. 

After much labour and disappointment I have 
come to the conclusion that Sule has unwittingly 
illustrated the testis of a male insect, and naturally 
mistaken the spermatozoa for bacteria. In the male 
gonad the spermatozoa lie relatively scattered and 
are radially arranged ; both these features are clearly 
expressed in Fig. 2. On the contrary, a section of an 
insect tumour shows the tissue cells thickly seeded 
with bacteria which grow in all possible directions. 
Such an infected cell of the Fulgorid insect, Fulgora 
europea, has been illustrated by Buchner* in his 
Fig. 6, Plate VIII, which is in harmony with that of 
another insect, Cicadella viridis, as illustrated also by 
Buchner in Fig. 18, p. 137. 

To my knowledge a bacterium in symbiosis with 
insects which excels all others in 
length and thickness, when these 
qualities are considered jointly, 
is to be found in an Indian Mem- 
bracid, Tricentrus assamensis. 
A smear from this insect shows 
pieces of protoplasm with inter- 
plasmatic infection (Fig. 3). 
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typical of spermatozoa as seen in Fig. 2. The bacteria, 
on the contrary, grow ‘n more than one direction, 
a feature well brought out in Buchner’s illustrations 
mentioned above. On account of the large size of 
the bacteria found in 7’. assamensis, it has made 
possible the correct interpretation of more than one 
mysterious problem in the literature on symbiosis. 

Sule’s illustration (Fig. 2) is a genuine representa- 
tion of an insect testis, only misinterpreted as a 
tumour; but his Fig. 1 here has been idealized as a 
bacterium to suit a preconceived theory. The wavy 
shape of the objects in Fig. 2 further suggests their 
being spermatozoa. 

S. MAHDIHASSAN 
Biochemical Laboratory, 
Osmanaia Medical College, 
Hyderabad, Deccan. 
Nov. 25. 

‘Tiere u. Pflanze in intrazellular Symbiose’’ 
* Publ. Biolog. de Vécole des hautes dudes vétérin., 3, 
*Z. morph. u. Okol., 4 (1925). 
* Verh. VII Intern. Kongr. Entom., 2, 


(1930). 


2 (Brno, 1924)- 


877 (Berlin). 


Helminth Parasites of Limpets 


DuRING investigations of the helminth parasites 
of the British limpets Patella vulgata, P. intermedia 
and P. depressa'.* in relation to a possible bearing 
of parasitism on mortality and sex-proportions*, three 
larval trematodes (Cercaria patella Lebour*, an un- 
identified Xiphidiocercaria and an unidentified tail- 
less cercaria) and one larval cestode hav» been found 
(see table). 


a No. of sai, 


Number of specimens found infested with 
| 





speci- 
Host mens — —— ——_--_——— 
species exam- | Xiphidio- | ‘Tailless 
a. ined ’. pateller | cercaria | cercaria*| Cestode | 
P. vulgate 363 | 121 ( 3%)| 7@- 2%) | 22 ¢ 4%) 4(0-1%) 
| P. inter- 
media 595 49( 8%‘) 10(1-7% 8S )} 1 @-2%) 
P. depressa 1417 278 (20%) nil |} 12¢ 5%) nil | 





* Only 957 specimens (all species) were examined for this parasite. 


C. patelle is the commonest, is most abundant in 
autumn and is of special interest as a source of living 
cercariw for class-work. It has been found on the 
west coast of Britain in several localities between 
Cornwall and Millport, and at Aberdeen, Cullercoats 
and Plymouth, being most abundant in P. depressa 
at Port St. Mary, Isle of Man, and at Trevone, north 
Cornwall. 

Each of the three trematodes occurs independently 
in the digestive gland, the cestode being encysted 
on the surface of the visceral mass. The tailless 
cercaria is visible only under the microscope in 
smears of digestive gland tissue, but infestations of 
each of the other three parasites can usually be seen 
on lifting the foot forward from the visceral mass. 

C. patelle is commonest in P. depressa, but since 
in all three species it is more common in populations 
inhabiting rock pools than in those living in exposed 
situations, the apparent preference for P. depressa 
may be because this species occurs in pools or at low 
water, whereas the other species frequent ‘dry’ 
habitats. 

Mos: limpets infested with C. patella are in the 
larger size (age) groups. The infestation i in P. depressa 
at Port St. Mary is 10 per cent in specimens less than 
35 mm. in length, increasing to 100 per cent in those 
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Patella depressa (TREVONE) SHOWING MANTLE VEINLETS Fitiep 
WITH CERCARL® READY FOR ESCAPE. (NATURAL 5! 
more than 65 mm. (cf. Rothschild*®*). One of the 


more obvious effects of parasitism is castration of the 
host, infested limpets rarely having gonads normal 
in size; only 20 per cent, about two thirds of whieh 
were female, were found with identifiable sex pro. 
ducts. The effects of infestation on the host organs 
have been discussed by Rees’. There is no apparent 
difference in vitality between infested and uninfested 
limpets, although in the final stages of infestation only 
a very small portion of the digestive gland remains 
unaffected. Infestation may, however, have an 
important effect on mortality and sex ratio in the 
larger individuals of all three species. 

The sporocysts of the Xtphidiocercaria are re. 
stricted to a limited portion of the digestive gland or, 
rarely, kidney. No sporocysts of the tailless cercaria 
have been observed. 

C. patelle has-been found to escape from the host 
by means of the veinlets in the mantle skirt which, 
filled with cercari#, show white and opaque against 
the translucent mantle (Fig. 1). It is suggested that 
migration of cercari# within the hemoceele, and 
subsequent escape from the mantle, may be a common 
occurrence in other molluscs infested with larval 
trematodes. 

The number of cercari# given off by the limpet 
in vitro is greatest just after immersion in water. Up 
to 330 cercari# may emerge in the first hour, the 
rate of escape then steadily falling and finally ceasing 
after about thirty hours immersion (compare Cort’). 
Under natural conditions there is probably a rhythm 
imposed by tidal fluctuations, the cercariz onl) 
escaping when the host is covered by the tide. 

The final host of C. patelle is as yet unknown, 
although Nicoll* suggested that it may be a bird 
It is possible that moribund or recently dead sea 
birds, perhaps fouled with oil, may provide material 
for which I should be grateful. 

A full account of the work will be published later 

W. CREWE 

Department of Zoology, 

University of Liverpool. 

Dec. 17. 
* Fischer-Piette, E., J. Conchyliol., 79, 5 (1935). 
* Eslick, A., Proc. Linn. Soc. Lond., Seasion 152, 45 (1940) 
* Orton, J. H., Nature, 158, 173 (1946). 
*Lebour, M. V., Parasit., 4, 416 (1911). 
* Rothschild, M., J. Mar. Biol. Assoc. U.K., 20 (3), 537 (1935) 
* Rothschild, M., J. Mar. Biol. Assoc. U.K., 25 (1), 59 (1941 
* Rees, F. G., Proc. Zool. Soc. Lond., 45 (1934). 
* Cort, W. W., J. Parasit., 8, 177 (1922). 
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SEA WAVES 
By P. J. H. UNNA 


No. 4033 


Secondary Waves and Tidal Streams 
a E following symbols are used : 


D = depth 

L = length of primary. 

H = height of primary. 

§ = H/L = steepness of primary. 

VY = speed of primary. 

L’, ete., relate to secondary waves on'crest of 
primary . 

L’, ete., relate to secondary waves in trough of 
primary . 

L’,, ete., relate to secondary waves at mid-height of 
primary (at orbit centre level). 

a= run. 

tg = water speed at crest. 

dy, Vas, Telate to surface water. 

Gy, Vo, relate to water at bottom. 

Ly. Ho, So, Vo, relate to deep water. 

Units pounds, feet, seconds, except where other- 
wise stated. 


Expressions showing the changes which take place 
n secondary waves, according to their momentary 
positions on a trochoidal deep-water primary, have 
ilready been explained‘. The general forms, which 
over all values of D/L for the primary, are : 


2xD | =D 
L'/L', = 1 — rS.coth — | L*/L’, = 1 + 7S.coth >— 
4 
H’/H’, = L’,/L’ | H*/H’, = L’,/L” 
¥/S’, = (L’,/L’)? | S*/S’, = (L’,/L*)* 

For a deep-water primary these reduce to L’/L’, 
|—7S, ete., as previously given; and for a ‘long’ 
primary, L’/L’, = 1 — $H/D, etc. 

The expressions are only strictly correct when 
l’,/L is small. 

The general expressions may be relevant in regard 
to the question of the depth of water in which waves 
f given height will start to break’, but that is a 
abject on which many other considerations arise, 
and so it will not be discussed now. But the forms 
rhich apply when the primary is a ‘long’ wave show 
how tidal streams can, in certain circumstances, affect 
the state of the sea in a way which was not noted 
when waves and tidal streams were previously 
liseussed in Nature?. 


Effect of Tidal Streams 


The tidal wave will be taken as the primary, and 
the principal wind-formed waves as secondaries, and 
% H becomes range of tide. But whether the 
secondaries happen to be close inshore, or in mid- 
channel, D must be taken as the average depth 
throughout the width of the channel. Similarly, 
with an open coast, it would have to be taken as the 
average depth for many miles out. 

The expressions to be used are naturally those for a 
‘long’ primary, and tiaey will only be strictly applicable 
where tide and half tide prevail ; while they will not 
have much effect unless the sea is fairly shoal, and 
the range is large. But they may have considerable 
consequence in places, for with a range of 16 ft., and 
soundings averaging 25 fm., the steepness of the sea 
should theoretically vary by 16 per cent as between 





high and low water, S’/S’, and S”/S’, working out at 
1-08 and 0-92. 
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The conditions here are different from those 
previously considered in Nature*. The former note on 
effect of tidal stream stated that ‘Change in direction 
or strength of stream will not change the steepness 
of the waves if they are travelling through an area of 
uniform tidal strength—uniform maximum strength’’. 
It was intended to infer that the same strength of 
stream would be encountered at any given moment 
throughout the area, and that any change in stream 
would take place simultaneously, also throughout the 
area; and with that proviso the statement was 
perfectly correct. But a long-term view must now be 
taken, covering half the tidal period, so that at any 
given moment both stream and change in stream may 
differ as between one position and another. Then the 
waves crowd up and shorten, and the energy crowds 
up and makes them higher when the water crowds 
up on the flood, with the reverse during the ebb. 
The resulting theoretical difference in steepness, as 
between high and low water, merely depends on the 
geometrical properties of the elliptic trochoid (tracing 
curve an ellipse) appropriate to the values of 
L, H, D. 

But the expressions must not be applied too 
literally, for that would imply that the tidal wave 
behaves as it ought to do; whereas if it did so, full 
strength of stream would be given by 4H V4Q/D, 
equivalent to 1-7 H/*V D knots, which is not the case. 
The probability is that tidal movement is greatly 
affected by irregularities in coast line and soundings, 
and also by reflexion of the tidal wave. But never- 
theless, the argument that where the water crowds 
up, the waves, and their energy which is carried by 
the water, must do the same, holds good ; and that 
will apply both for tide and half tide, and also in 
estuaries, where the stream turns at high and low 
water by the shore. So where an estuary has a large 
H/D, it may be anticipated that the sea will be 
heavier at high than at low water ; and perhaps this 
is the reason why, in an onshore wind, the water so 
often seems to quieten down towards low water, even 
before the weather-going stream has ceased to run. 
In this connexion the following figures are relevant : 

With tide and half tide : 


a 


/D 1 3 
S/S’. 1*1 1-4 
IS" 


ft 


In the Bristol Channel 
H/D at mean springs 


Lundy , - és 0-12 

[lfracombe—Mumbles 0°25 

Foreland—Porthcaw] 0-35 
0-6 


Watchet—Barry 
Flatholm : 


0-7 

This may account for the Bristol Channel pilots’ 
allegation, previously mentioned in Nature*, that the 
heaviest seas off the Foreland occur at high water. 
At neaps, and in other estuaries with smaller range, 
the effect would naturally be less. In any event, the 
above figures can only give quite a rough idea of what 
should happen, for, especially in an estuary, the waves 
have plenty of time, during half the tidal period, to 
run between positions with greatly differing values of 
H/D, and that complicates things a lot. For example, 
L’, would differ as well as H/D. 

Lastly, it is worth noting one curious consequence. 
Where two tidal waves interfere, the change in the 
state of the sea, as above explained, should be 
greatest where the streams are weak, and least at the 
nodal position, where they are strong. 






























































240 


Shore Breakers 


The essential condition for pure breaking is that 
Vas should just exceed V. That happens in deep 
water when S = 0-13, a far greater steepness than 
waves of substantial length can then attain, unless 
they meet a weather-going stream*. When they are 
so steep, they are distorted from trochoidal profile, 
the crests being further steepened into sharp-edged 
ridges‘. An extra steep crest of this sort can only be 
piled up if vgs is specially increased, so the effect of 
distortion is to hasten breaking, and that also applies 
when the water is shoal—when D/L is small. 

But breaking can also be hastened in extraneous 
ways. In deep water, for example, secondary waves 
become steeper when they happen to be on the crest 
of a primary’; and if they become steep enough to 
break, the disturbance they set up may eliminate the 
small margin of stability of a steep primary, and so 
cause the primary to break. Besides that, when they 
are near breaking point, their own water-speed is 
large, perhaps large enough to bring the combined 
speed due to primary and secondary up to V. But 
that would be a local and transitory effect, and so 
might fail to operate. The same considerations apply 
to shoal water. 

Another extraneous cause of breaking is too rapid 
change in depth‘. 

It is also possible that breaking is hastened when 
the waves are wind forced, for a favourable wind will 
increase vg;, while its pressure might tend to make 
the crest tilt forwards ; and wind acting against swell 
should have the reverse effects. The second effect 
would almost certainly be small, and the first one 
probably so, if the waves are big enough to be of 
material consequence. Steep short seas scarcely 
matter, and can be disregarded. 

Breakers by the shore may be divided into three or 
possibly four classes, which may merge one into the 
other according to circumstances : 

(a) The clean-cut curler, entirely due to vg, manag- 
ing to exceed V. If S, is large it only occurs where 
the beach is steep ; but if S, is small it may also be 
seen where shoaling is gradual. 

(6) A crest so steep in front that it ultimately 
collapses into surf’. That seems to occur when S, is 
small. 

(c) Multiple lines of surf, typical of large S,, with 
gradual shoaling. At the outer line, where breaking 
starts, the water merely begins to trickle down the 
wave front, and with swell that is the stage at which 
surf-riding becomes feasible. 

(d) Breaking hastened by extraneous causes, such 
as too rapid change in depth, or secondary waves. 

The expression S,, as used here, refers to inshore 
deep water steepness; and so, with swell, not its 
steepness in the area of generation, which may be 
thousands of miles away*. It will be taken as 0-05, 
0-025, 0-01, to represent a heavy sea, a moderate sea, 
and a long low swell; and its description as large or 
small in the above classification of breakers must be 
given a good bit of latitude. 

The two relevant expressions affecting shore 
breakers are: D/L = S, x S/S, + H/D, where S/S, 
is a definitely calculable function of D/L, so long 
as the waves remain trochoidal*; and S, = 1 +7 


=D 
(= x coth =) , the condition for vg, being equal to 
0 


V, again only for trochoidal waves. On this basis 
breaking would start when D/L = 0-071, 0-052, 
0-036, and H/D = 1-87, 1-93, 1-97, for S, = 0-05, 
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0-025, 0-01. Of course, H/D can never exc: 
at that figure the beach in front of the brea! 
be absolutely dry; and even with H/D 
would be almost dry, except for backwash, 
1-87 may be taken as typical of a heavy sea 
over on to a steep beach. When D/L is 
0-04 the waves would be, to all intents and 
in the ‘long’ state. 

In fact, this way of treating waves is n 
matically exact, for it would only appl; 
Rankine type, and so not to steep waves 
water. In shoal water, where the vertical ac: 
is relatively lower, it would presumably be 
applicable to waves of greater steepness ; bu 
it would be so up to breaking point, even \ 
beach is steep, is another matter. It lea: 


80 that 


low aa 
iT poses, 


mathe. 
to the 
n deep 
leration 
roughly 
whether 
hen the 
to the 


D 
results that vg,/V = n8.coth *5”, and va,/V, = x8; 


2D 
and the former gives ~S = tanh ZT When breaking 


starts. It is merely intended to afford a primitive 
aspect of the circumstances of breaking, and a 
standard for comparison when the effect of distortion 
from trochoidal profile has to be allowed for, as 
described below. 

Before leaving the subject of curlers, it will be 
useful to summarize the factors which may contribute 
towards their formation, for some of these factors may 
also apply to other types of breakers : 

(e) Steepening of the crest owing to distortion, with 
accompanying increase in Ugg. 

(f) Steepening of the wave front, in so far as the 
wave may be approaching the ‘long’ state. 

(g) Reduction in v, owing to ground friction. 

(hk) Reduction in v, owing to backwash. 

(7) tae being greater than the water speed lower 
down, owing to the wave not having become com- 
pletely ‘long’. 

(k) The water at the surface, no longer held back 
by any immediately ahead, being able to cascade in a 
parabolic path, when it succeeds in outrunning the 
water lower down. 

When 8, is small, factor (f) may tend to predomin- 
ate, D/L then being small as well. Thus bore condi- 
tions start to develop, the front of the crest becoming 
steeper and steeper, and the water in the crest, from 
surface to ground, all moving forward at roughly the 
same speed. Ultimately, the crest tends to become a 
travelling wall of water, and when it ceases to find 
any water in front to afford support, it collapses into 
surf. That seoms to be the way in which breakers 
of class (b) develop, at all events when the waves 

to survive until they can break on an 
almost dry beach, which they often do when §, 
is small. 

If shoaling is gradual, and S, is not small, increase 
in Ug; due to distortion may result in prematur 
breaking, with H/D measurably less than 2. Af 
waves with large S, are those which really matter, 
and as the critical value of H/D at which such wave 
start to break is of practical consequence, it is worth 
considering in detail the circumstences which may 
affect this ratio. Gaillard'’®, who took many measure: 
ments to ascertain its value, wrote : 

(l) “With this relation established, it will bef? 
possibie, in many cases, to determine in advance the 
maximum wave which will assail a given structure”. 
For, naturally, if the soundings cause the heavier sea 
to break away from the shore, only the remains 0! 
their energy will reach the structure. 
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any secondary waves with this critical value, the 
cause must be ascribed to distortion. In other words, 
distortion makes good the deficit. When the critical 
figure is only 0-8, additional deficits of just 30 per 
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(m) He might have added that, in similar cireum- 
ances, some measure of protection would be afforded 
io inshore anchorages ; 
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1 2, for 
* would 
1-87 it 


on an 


(n) and that as breaking across a harbour entrance 
sakes the harbour inaccessible, quite apart from any 
yestion of draught, H/D determines the state of the 
tde at which it becomes safe to enter; or, for a 
tideless sea, the depth of dredging necessary to keep 
the entrance always open. 

Now Gaillard found that, in still air, breaking 
darted, on the average, with H/D = 0-5, if the slope 
ifthe bottom was 1 in 12, but ranged upto H/D = 1-0 
for a slope of 1 in 100. He accounted for this by 
aggesting that with slope | in 12, undertow would 
wquire greater speed, and so hasten breaking ; but 
sith gradual shoaling there is usually more than one 
ine of surf, and there can scarcely be undertow at the 
ater line, where breaking starts. It is true that he 
iso refers to Airy’s theory as to the effect of rapid 
dange in depth*®, but not in this connexion, pre- 
mnably because he considered that its effect here 
wuld probably be small. But the point should not 
entirely lost sight of, for some definite explanation 
is surely called for, Gaillard’s measurements giving 
meults directly in conflict with Airy’s theory of ‘long’ 

That theory seems to indicate that with 
padual shoaling dis*»xiion should, so to speak, be 
amulative, in the sense that it would continue to 
irease even if, at some given stage, shoaling were 
cease. In that case breaking should start with 
maller H/D if the slopes are flatter, and not steeper, 
« Gaillard found. It looks as if the question calls 


for further explanation. 
But Gaillard also found that “for a given locality 
and a given slope—with a strong wind blowing in the 


direction of wave travel”, H/D = 0-8; ‘“‘while with 
a equally strong wind blowing in the contrary 
drection”, H/D = 1-4. He does not specifically give 
the slope, but from the context it was probably 1 in 
100. 

This may, to some extent, be accounted for by the 
drect effects of a favourable wind, in tilting the crest, 
md speeding up the surface water, but as already 
tinted, this could scarcely explain such a large change 
in the critical value of H/D, and so the possibility of 
secondary waves constituting the main reason has 
ben looked into. Such waves could only be present 
vith an onshore wind, for with the wind off the shore, 
the fetch between beach and outer line of breakers 
wuld be too short for them to develop, even if the 
urf did not wipe them out as soon as they started to 
form. 

But when dealing with waves having S, and H/D 
both fairly large, so that D/L is neither very large 


cent have to be accounted for. 

These percentages are based on V, which, being 
dependent on D/L, is a variable quantity. So, to see 
whether the extra deficits can be covered by the effect 
of secondary waves, it will be convenient to take V,, 
which is a fixed figure, as the basis for percentage. 
Then the percentage deficits for H/D = 1-4 become 
6, 5, 4, but are increased to 15}, 124, 94, when ~ yt is 
only 0-8. But with H/D = 0-8, the waves will not 
be so distorted as later on, with H/D = 1-4; so 
secondary waves will have to account for percentages 
not definitely determinable, but certainly lying 
between 15}, 124, 94, and 94, 74, 54. 

Now the expression governing variation in steepness 
of secondary waves shows that when D/L = 0-105, 
0-075, 0-05, as it will do when the critical value of 
A/D is only 0-8, S’/S’, = 3-45, 3-05, 2-8, and 
distortion would make it larger still. So as the 
secondaries are deep water waves, and will, therefore, 
break when S’ = 0-13, S’, would only have to be 
0-038, 0-043, 0-046. These are quite moderate figures, 
and with distorted primaries they would not even 
have to be so large. So there is always the possibility 
of a comparatively substantial secondary breaking on 
the crest of the primary, and so causing local breaking 
of the primary, which once started will extend in both 
directions along its crest. That effect is quite normal. 
It is not so usual for a long stretch of crest to start 
breaking all at once, but a large number of quite 
small secondaries could cause it to do so, if their 
effect would not be too superficial. 

In regard to the other, but less likely, possibility 
of breaking being started by secondary water-speed 
supplementing that of the primary, v’a; = 2-90 L’ at 
breaking point’*, and whether the secondaries be of 
moderate length or very short, say L’,/L, = 0-05, or 
0-01, the values of v’g;/V, calculated on that basis 
work out at almost exactly 0-2, 0-15, 0-1 for all three 
values of S,, and so will cover the percentages to be 
accounted for. But it must be remembered that 
distortion of the primary reduces L’, and so V’, with 
the result that v’a;/V, may not be so large; so the 
earlier suggestion is in every way to be preferred. 

It should be pointed out that secondaries steep 
enough to break when they are on the crest of a 
primary will only be conspicuous in that position, and 
that one must not expect to see them prominent 
throughout the length of the wave. The profile of an 
undistorted primary with small D/L would be an 
elliptic trochoid (tracing curve an ellipse), which is 


en §,§r very small, one is confronted with the initial merely an ordinary trochoid (tracing curve circular) 

wwe a pot pe te pe a a * ~ = drawn with vertical scale reduced, in the present case, 
mate expedient of assuming trochoidal state in the first in the ratio H:a,, that is, tanh = : 1. So the 
A mane, ghee! gy ~9 —— ~ fraction of the length of wave occupied by the crest, 
— ery ngewe: age Eh p = 0-8, a8 measured at mid-height (orbit centre level), is 
worth #4 0-5 — S.coth se or almost exactly 35 per cent when 
1 may L 


0-01 
0-8 1-4 1-97 
0-05 0-04 0-036 
0-04 0-055 0-07 
0°73 00 | 0-405 0-705 1-00 
0-265 0-32 | 0-125 0-18 0-22 
0-095 0 0-075 0-05 0-055 0-04 


So with H/D = 1-4, vas would be deficient to the 
extent of 25-30 per cent of V ; and as there cannot be 


H/D = 0-8, whether S, be large or small, and dis- 
tortion will make it still less. Since S” will only 
vary from 0-025 to 0-035, the secondaries in general 
may almost pass unnoticed. 

Discussion on shore breakers can scarcely be 
regarded as complete without a note on the circum- 
stances which cause reflexion instead of breaking. 
The subject is in a rather indefinite state, except as 
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regards the tidal wave, which is always reflected 
unless the conditions favour development of a bore. 
The reason seems to be that, with the tidal wave, 
Vas = UV», and that its component towards the shore is 
always small; and with the whole body of water, 
from surface to bottom, moving shorewards quite 
slowly as a stream, breaking cannot possibly take 
place under normal conditions. Alternatively, for 
‘long’ waves, and so for tidal ones, vg;/V = $H/D, 
while the condition for breaking is that Ug, should 
equal V. Then, if D be taken as the local inshore 
depth, the inference would be that the tidal wave 
should break, even on an open coast. As that does 
not happen, reflexion must depend on some other 
condition, and the answer seems to b» that it will 
always take place with the tidal wave, unless S is 
large. This also gives the clue for wind-formed waves. 

For reflexion of wind-formed waves, Vg,;/V must be 
less than | at the shore, and so less than ~S.coth 4 
That, again, indicates that S should not exceed some 
given figure, if reflexion is to be ensured. That 
figure will undoubtedly be small for all but quite 
steep slopes. One cannot go further with certainty, 
and no observations seem to have been recorded to 
indicate what slopes, according to the values of S, 
will constitute border-line conditions. Chief interest 
lies in two rather conflicting requirements, for shore 
breaking inside a harbour contributes to quiet water, 
while elsewhere it may result in damage. 

Reference has been made to the possibility of waves 
attaining the ‘iong’ state before they start to break, 
if S, is small enough. Such waves may be of practical 
consequence, as, for example, on the Guinea Coast, 
where comparatively heavy surf can result from 
swell that may be only just discernible in deep water ; 
but what follows refers more particularly to a 
phenomenon which may be noticed at suitable places, 
such as Minehead"*, where low but sharply crested 
waves are apt to emerge suddenly from an apparently 
quite flat sea, and rapidly become conspicuous, but 
break almost immediately after doing 30. 

To arrive at definite figures, it will be assumed that 
breaking starts when H/D has increased to unity ; 
and as H/D = S, x H/H, + D/L,, where H/H, isa 
definite function of D/L,, the value of the latter 
ratio when breaking starts must be dependent on S,. 
Further, D/L is a function of D/Z,, and shows the 
extent to which the waves have changed their state 
from deep water to ‘long’ on account of shoaling. 
Elaboration of the table in ref. 7 gives the following 
rounded-off figures when H/D is unity: 


Dike 0-05 0-04 0-03 0-02 0-01 0-0075 
DIL 0-004 0-083 0-072 0-058 0-040 0-035 
a S/S.) 20 35 60 130 450 800 
d(D/ Le) 


As the value of D/L, to which the waves can survive 
intact works out at, roughly, 0-05, 0-03, 0-014, 0-0075, 
when S, = 0-05, 0-025, 0-01, 0-005, only a low swell 
can reach the stage at which dS/dD starts to increase 
rapidly. But once it does so, the rate shoots up so 
rapidly that sudden emergence from an apparently 
flat calm becomes almost inevitable ; and the figures 
show that when this happens the waves have already 
become ‘long’, in which case dS/dD would be pro- 
portional to D-*/, Under extreme conditions, 
emergence is deferred almost up to the water’s edge, 
and thus the common occurrence of a quite calm 
sea just lapping on the beach for no readily apparent 
reason is really a logical outcome of the trochoidal 
theory of waves. 
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Thanks are due to Mr. N. F. Barber for exan ini 
and discussing the drafts of these notes, anc for ie 
advice, which has been embodied therein ' 
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ELEMENTS AND THEIR ISOTOPES 


HE Ritchie Lecture for 1945 of the Roya! Society 

of Edinburgh was delivered by Dr. N. Feather 
(then at the Cavendish Laboratory, Cambridge, and 
now professor of physics at the University of Edin 
burgh), who took as his subject ‘“The Number of the 
Elements’’. The lecture has now been published 
(Proc. Roy. Soc. Edin., A, 62, Pt. 2, 211; 1946 
Prof. Feather commenced by tracing the develop 
ment of the idea of the chemical element from its 
earliest beginnings until, in the last quarter of thy 
nineteenth century, Mendeléeff’s Periodic Tabk 
became accepted as fundamental. Further elucidation 
of the Periodic Table had to wait for the emergence: 
of the nuclear model of the atom as described by 
Rutherford in 1911. This led to the Bohr quantum 
theory, Moseley’s work, Soddy’s idea of isotopy and 
Aston’s mass analysis. Physicists found that the 
nucleus could be adequately specified by two para 
meters, Z and A: the former, the atomic number, is 
a measure of the positive nuclear charge, and the 
latter, the mass number, the nearest integer to the 
number expressing the mass of the corresponding 
neutral atom in terms of chemical oxygen as 16. Th: 
elements were defined and distinguished by their 
Z-values. By 1932 nearly all the different atom types 
had been identified and classified according to their 
Z- and A-values. In 1932, Chadwick discovered the 
neutron (Z = 0, A 1), and the nuclear pictur 
was much simplified by regarding the nucleus a: 
made up of heavy particles, neutrons and protons 
(Z 1, A = 1). The mass defect, or 1/c* times the 
energy of binding of the nucleus, can be estimated 
as the difference in mass between that of the actua 
nucleus and of its constituent protons and neutrons 
taken separately. It is important to note that the 
mass defect increases approximately linearly wit! 
A; and that this, together with other known facts, 
leads to the conclusion that intra-nuclear forces show 
saturation with the «-particle as the quasi-saturated 
unit. 

Prof. Feather then went on to consider the stability 
of nuclei. Certain values of A and Z are not repre- 
sented among the elements. The reason for thes 
omissions, which has been borne out by the experi 
mental work of the last decade, is that the missing 
nuclei, like the elements with Z greater than 83, ar 
all spontaneously radioactive, with the result that 
they have disappeared entirely, with the lapse of 
time, from the terrestrial globe. Artificial radio- 
activity, obtained by irradiating materials with 
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a-particles, neutrons, protons, deuterons, electrons 
and high-energy X-radiation, and a study of the 
energy Of the radiations emitted by these artificially 
radioactive substances, have demonstrated the extent 
to which the missing, nuclei are unstable. For 
naturally radioactive substances disintegration occurs 
by the emission of a-particles or of 8-particles ; but 
for the artificially radioactive substances, only 
jemission, but of two types, has so far been found 
yo occur. Discussing this point, Prof. Feather shows 
that, for Z less than 84, the problem of the number 
if the elements, or of the number of stable nuclear 
species, turns essentially on the question of stability 
towards 8-disintegration. 

For Z greater than 83, the customary assumption 
that the onset of a-instability prevents stable species 
is not at all satisfactory, In 1939 neutron-induced 
fission was discovered, and in the following year, 
I. 8. Petrzhak and G. N. Flerov (J. Phys. U.S.S.R., 
§, 275; 1940) showed that, in the natural state, 
uanium undergoes fission spontaneously ; for every 
nillion atoms of uranium which disintegrate with the 
emission of a-particles, roughly one divides spon- 
taneously into two fragments. The probability of 
disintegration per unit time depends very markedly 
on the difference between the available energy (some 
170 million electron volts for uranium) and an energy 
characteristic of the original nucleus and the frag- 
ments into which it divides. On a simple liquid-drop 
model, spontaneous fission can be shown to increase 
extremely rapidly in probability as Z*/A increases, 
%0 that for Z greater than 92, spontaneous fission is 
practically instantaneous, leaving uranium the last 
terrestrially known element of the Periodic Table. 

Finally, Prof. Feather discussed the limitation to 
the number of stable or quasi-stable isotopes of a 
given element, that is, the limitation to the A-values 
fora given Z. By examining the way in which the 
disintegration energy (or the decay constant ) varies 
vith the mass number for a particular Z, it is estab- 
lished that the limitation is essentially a question of 
the relative probability of «-emission to §-emission 
either positive or negative electron emission). 





FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, February !7 

MANCHESTER LITERARY AND PHILOSOPHICAL SocteTy (in the 
Reynolds Hall, College of Technology, Manchester), at 5.30 p.m.—Prof. 

. J. Fleure, F.R.S8.: Clayton Memorial Lecture. 

SHEFFIELD SoOcIETY OF ENGINEERS AND METALLURGISTS (at > 
Royal Victorial Station Hotel, Sheffield), at 6.15 p.m.—Dr. N. 
Allen : “Metallurgical Aspects of ¢ Jompressed Gas Cylinders”. 

INSTITUTION OF MECHANICAL ENGINEERS, GRADUATES’ SECTION (at 
Storey’s Gate, St. James’s Park, London, 8.W.1), at 6.30 p.m.—Mr. 
lan S. Porter: “The Art and Mechanism of W eaving”’. 


Tuesday, February 18 
INSTITUTION OF BRITISH AGRICULTURAL ENGINEERS (at the Institu- 
tion of Electrical Engineers, Savoy Place, Victoria Embankment, 
London, W.C.2), at 2 p.m. —Mr. H. P. Hall: “Milking Machines”’. 
BRITISH SOCIETY FOR INTERNATIONAL BIBLIOGRAPHY (at the 
Institution of Electrical Engineers, Savoy Place, Victoria Embank- 
ment, London, W.C.2), at 2.30 p.m.—Mr. W. C. Berwick Sayers: “The 
anization of Information for the General Public” ; Miss E. Taylor : 
es of American Bibliography at the National Central 
a 
CHADWICK PUBLIC LECTURE (at the Royal Society of Tropical 
Medicine and Hygiene, 26 Portland Place, London, W.1), at 2.30 p.m. 
—Prof. 8. P. Bedson, 8. : “Laboratory Investigations in the 
Diagnosis of Virus Infections of Man 
RoYAL Society OF ARTs, DOMINIONS AND COLONIES SECTION (at 
John Adam Street, Adelphi, London, W.C.2), at 2.30 p.m.—(Colonel 
. G. Robertson: “Recent Agricultural Development in Canada” 
(Neil Matheson McWharrie Lecture). 
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Society oF CHEMICAL INDUSTRY, AGRICULTURE GrouP (in the 
Physica) Chemistry Lecture Theatre, Roy. ral College of — South 
Kensington, London, 8.W.7), at 3:30 p.m.—Dr. E. . Russell : 

“*Present-day Views on Soil Cultivation”. — 

INSTITUTION OF MECHANICAL ENGINEERS (at Storey’s Gate, St. 
James's Park, London, 8.W.1), at 3 p.m. and 5.30 p.m.—Dr. A. Nadal: 
“The Flow of Metals under Various Stress Conditions’’ (James Clayton 
Lecture). 

K1no’s CoLitecE, Strand, London, W.C.2, at 5.30 p.m.—Prof. J. T. 
Randall, F.R.S.: “A Physicist's Approach to Biology’’.* 

INSTITUTE OF PETROLEUM, NORTHERN BRANCH a * the Engineers’ 
Club, Albert Square, Manchester), at 6 p.m.—Mr. ,, Hope : Illus- 
trated Dissertation on the “Use of Petroleum Additie E. 

INSTITUTION OF ELECTRICAL ENGINEERS, London Stude nts’ Section 
(at Savoy Place, Victoria Embankment, London, W.€.2), at 7 p.m.— 
Discussion on “Radio Modulation Methods— -Amplitude, Phase, 
Frequency and Pulse” (to be opened by Mr. G. Dawson, D. Deacon 
and BR. F. Howard). 

Society OF DYERS AND CoLOURISTS, Hv .~w wh SECTION 
(at Field's Café, Huddersfield), at 7.30 p.m.—Mr. G. E. Bedford: 

“What Happens at the Dry Cleaners”. 

INSTITUTE OF PHYSICS, ScoTTisH BRANCH (at the University, Glas- 

gow)}—Mr. A. J. Maddock : “Dielectric Heating”’. 


Wednesday, February 19 


PuystcaL Society (in the Jarvis Hall, Royal Institute of British 
Architects, 66 Portland Place, London, W.1), at 3 p.m.—Meeting to 
discuss the formation of an Acoustic Group. Dr. Alex Wood: “The 
Contribution of Acoustical Science to Allied Studies’. 

CHEMICAL SocrEty (joint meeting with the Royal Society of Arts, 
at John Adam Street, Adelphi, London, W.C.2), at 5 p.m.—Sir Harold 
Hartley, F.R.S.: “A Century of Chemistry” 

GROLOGICAL SOCIETY OF LONDON (at Burlington House, Piccadilly , 
London, W.1), at 5 p.m.—Scientific Papers. 

RoyaL Microscopical Society (in the Hastings Hall, British 
Medical Association, Tavistock Square, London, W.C.1), at 5 p.m.— 
Mr. E. Wilfred Taylor: “The Practical oe of Phase-Contrast 
to the Biologist’s Microscope”; Dr. A. F. W. Hughes: “Phase-Con- 
= of Tissue Cultures’’. (Discussion to ‘be opened by Prof. L. C. 
Ma. 


INSTITUTION OF ELECTRICAL ENGINEERS, RADIO SECTION (at Savoy 
Place, Victoria Embankment, London, W.C.2), at 5.30 p.m.—Mr, H. 
Davies : “The Design of High-Fidelity Disc-Recording Apparatus”’.; 

INSTITUTION OF CIVIL ENGINEERS, NORTH-WESTERN ASSOCIATION 
(joint meeting with the LIVERPOOL ENGINEERING ae i, at the 
Municipal Annexe, Dale Street, Liverpool), at 6 p.m. —Mr. J. C. King: 

“The Static and Dynamic Testing of Aircraft’ 

ROYAL LNSTITUTE OF CHEMISTRY, LONDON " SECTION (at the cot 
Institution, Albemarle Street, London, W.1), at 6.30 P-M.—Dr. u. 
Lees: “British Oilfelds and Oil Exploration”. 


Thursday, February 20 


INSTITUTE "OF FUEL, NORTH-WESTERN SECTION (at Radiant House, 
Bold Street, Liverpool}, at 2.30 p.m.—Dr. E. G. Ritchie: “A Review 
of the Work of R/16 Committee”’. 

INSTITUTION OF MECHANICAL ENGINEERS (at the College of el 
nology, Sackville Street, Manchester 1), at 2.30 p.m. a 
Dr. A. Nadai: “The Flow of Metals under Various Stress Conditions” 
(James Clayton Lecture). 

Royal SocreTY OF ARTS, INDIA AND Burma Section (at John 
Adam Stree’ = hi, London, W.C.2), at 2.30 p.m.—Sir Lewis L. 
Fermor, F.R. he Value of Geological Survey in India’s Economic 
Development”. 

CHEMICAL SOCIETY » the Qaapty — ~ Theatre, The Univer- 
sity, Liverpool), at 5 p.m.—Prof. Hirst, F.R.S.: “Recent 

Developments in the Chemistry of Starch and Glycogen”. 

INSTITUTION OF MINING AND METALLURGY (at the ‘Geological 
Society, Burl mn H Piccadilly, London, W.1), at 5 p.m.— 
Mr. Herbert 8. ichel : “An Ex stenental and Theoretical Investiga- 
tion of Bias Error in Mine Sampling, with special reference to Narrow 
Gold Reefs”. 

LONDON MATHEMATICAL SocreTy (at the Royal Astronomical 
Society, Burlington House, Piccadilly, London, W.1), at 5 p.m.— 
Mr. A. M. Turing: “The Automatic Computing Engine”. 

INSTITUTION OF ELECTRICAL rr (at Savoy Po, Victoria 
a) London, W.C.2), at 5.30 p.m.—Mr. J. Mortlock 
and Mr. C. M. Dobson: “Neutral Ea of Three- ws Systems, 
with +4 34 reference to Large Power Stations”. 

CuEmicaL Society (in the large Chemistry Theatre University 
College, Nottingham), at 7 p.m.—Prof. E. G. Cox: “Crystal Analysis 
and Stereochemistry”’. 

TEXTILE INSTITUTE, YORKSHIRE BRANCH (at the Midland Hotel, 
Bradford), at 7 p.m.—Prof. J. B. Speakman : “‘Proteins and Plastics”’. 

WOMEN’S ENGINEERING Socrety (at 35 Grosvenor Place, London, 
S.W.1), at 7 p.m.—“Plastics 

CHEMICAL Socrery (at Burlington House, Piccadilly, London, W.1), 
at 7.30 p.m.—Scientific Papers. 

CHemicaL Society, SOCIETY OF CHEMICAL INDUSTRY and ROYAL 
INSTITUTE OF C HEMISTRY, EDINBURGH and EAST OF SCOTLAND SEc- 
TIONS (at the North British Station Hotel, Edinburgh), at 7.30 p.m. 
—Dr. Neil Campbell: ‘“‘Fluorescence”’ 

TEXTILE INSTITUTE, BELFAST BRANCH (at the College of Technology, 
Belfast), at 7.30 p.m. —Dr. F Ww “Recent Developments in 
Cellulose and Wool Science ae Technology”. 



















































































244 


ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE (at Manson 
House, 26 Portland Place, London, W.1), at 8 p.m. —General L. J. 
— Hoof ‘“Trypanosomiasis in the Belgian Congo” (Second Chad- 
wit ecture). 


Friday, February 21 


ASSOCIATION OF APPLIED BIOLOGIsTs (in the Main Lecture Theatre, 
Huxley Building, Exhibition Road, London, 8.W.7), at 2 p.m.—-Annual 
General Meeting. Dr. C. B. Williams: “The Field of Research in 
Preventive Entomology” 

CHEMICAL Socrety (joint meeting with the UNIVERSITY COLLEGE 
OF SOUTHAMPTON CHEMICAL Society, in the Physics Lecture Theatre, 
University College, Southampton), at 5 p.m.—Sir Ian Heilbron, F.R.S. : 

“The Chemistry of Vitamin A” 

INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENTS SECTION 
(at Savoy Place, Victoria Embankment, London, W.C.2), at 5.30 p.m 

Mr. W. D. Owen: “Quantitative Tests on Finished Mouldings”’. 

INSTITUTION OF MECHANICAL ENGINEERS (at Storey’s Gate, St. 
James's Park, London, 8.W.1), at 5.30 p.m.—Mr. E. L. Diamond 

‘The Development of Locomotive Power at Speed’. 

INSTITUTE OF PHYSICS, INDUSTRIAL RADIOLOGY GrovP (at the 
Royal Society, Burlington House, Piccadilly, London, W.1), at 6.30 
p.m.—Mr. W Harper: “The Organisation of Aircraft Radiology 
during the War’. 

SOCIETY OF DYERS AND COLOUR ISTS, MANCHESTER SECTION (in the 
Lecture Theatre, Gas Department Showrooms, Manchester), at 
6.30 p.m.—Mr. G. 8. Egerton: “The Aspect of Light on Dyed and 
Undyed Cotton” 

INSTITUTE OF THE PLASTICS INDUSTRY, NORTH-WESTERN SECTION 
(at the Engineers’ Club, Albert Square, Manchester), at 6.45 p.m. 
“Costing and Estimating of Mouldings, Compression, Injection and 
Transfer” 

TEXTILE INSTITUTE (at 16 St. Mary’s Parsonage, Manchester), at 
7 p.m.—Mr. G. Dakin: “Researches in Spinning and Doubling”. 

TEXTILE INSTITUTE, DUBLIN BRANCH (at the Mansion House, 
Dublin), at 7.30 p.m.—Dr. F.C. Wood: “Recent Developments in 
Cellulose and Wool Science and Technology”. 

ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 9 p.m 

~Prof. M. L. Oliphant, F.R.S.: ““Problems and Techniques of Modern 
Nuclear Physics”. 


Saturday, February 22 
LNSTITUTION OF CHEMICAL ENGINEERS, NORTH-WESTERN BRANCH 
(in the Reynolds Hall, College of Technology, Manc hester), at 3 p.m.— 
Mr. V. G. Jenner: “Fuel Economy in a Small Factory” 
NUTRITION SOcCTETY (at the London School of Hygiene and Tropica! 
Medicine, Keppel Street, London, W.C.1)}—Scientific Papers. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned 

CLINICAL CHEMIST to be responsible for tests and investigations 
of a chemical nature in the Clinical Pathology Department—The 
Secretary, University College Hospital Medical School, University 
Street, London, W.C.1 (February 28). 

CHEMISTS (2) for Research Scholarships, and a CHEMIST for a Research 
Fellowship, in connexion with fundamental work on the oxidation 
and constitution of coal—Prof. 8. G. Ward, Department of Chemica] 
Engineering, The University, Edgbaston, Birmingham 15 (February 
28). 

LECTURER IN FURLS or FUELS AND REFRACTORIES—The Secretary, 
The University, Edmund Street, Birmingham 3 (February 28). 

VETERINARIANS to specialize in Poultry in the New Zealand Depart- 
ment of Agriculture—The High Commissioner for New Zealand, 415 
Strand, London, W.C.2 (February 28). 

LECTURERS (2, men or women) IN MATHEMATICS—The Registrar, 
University College, Southampton (February 28). 

LECTURER IN THE DEPARTMENT OF MATHEMATICS—The Registrar, 
Queen Mary College, Mile End Road, London, E.1 (March 6). 

UNIVERSITY PHOTOGRAPHER—The Registrar, The University, 
Leeds 2 (March 15). 

PRINCIPAL Screntivic Orricer (Electrical Engineer), and a 
PRINCIPAL SCIENTIFIC OFrriceR (Physicist) in the Royal Aircraft 
Establishment of the Ministry of Supply—The Secretary, Civil Service 
Commission, 6 Burlington Gardens, London, W.1, quoting No. 1797 
(March 15). 

SENIOR EXPERIMENTAL OFFICERS (8) at the National Cvs Turbine 
Establishment of the Ministry of Supply—The Secretary, Civil Service 
Commission, 6 Burlington Gardens, London, W.1, quoting No. 1794 
(March 15). 

SUPERINTENDENT OF ENGINEERING SERVICES, and a SUPERINTEND- 
ENT OF THE CHEMICAL ENGINEERING DIVISION, at a research estab- 
lishment of the Ministry of Supply—The Secretary, Civil Service 
ps em oe 6 Burlington Gardens, London, W.1, quoting No. 1795 
(March 15) 

SENIOR ENGINEER at the National Gas Turbine Establishment— 
The Secretary, Civil Service Commission, 6 Burlington Gardens, 
London, W.1, quoting No. 1798 (March 15). 

RESEARCH ASSISTANT IN THE DEPARTMENT OF BoTaNy—The 
Registrar, The University, Leeds 2 (March 31). 

TECHNICAL DEVELOPMENT OFFICER—The Establishment Branch 
(Room 266), Department of Agriculture for Scotland, St. Andrew’s 
House, Edinburgh 1 (March 31). 

LECTURER IN PHYSIOLOGY—The Secretary, Queen's University, 
Belfast (May 1). 

ASSOCIATE and FULL PROFESSORSHIPS IN THE DEPARTMENT OF 
Puysics—The Head of the Department of Physics, University of 
British Col:xbia, Vancouver, B.C., Canada (May 12). 


NATURE 


1947 Vol. 


Superintendent 


February 15, 


ASSISTANT BIOCHEMIST—The Medical 
Road Hospital, Birmingham 18. 
LECTURER IN THE DEPARTMENT OF ELECTRICAL ENGing 
and a LECTURER IN THE DEPARTMENT OF MECHANICAL Eno! 
—The Principal, Borough Polytechnic, h 
INFORMATION OFFICER (graduate in ¢ 
experienced in welding practice}—The Director of Research, 
Welding Research Association, 29 Park Crescent, London, W Jl 
BIOCHEMIST or CHEMIST for research on fundamental I 
related to the nervous system—The Director, Neuropsy 
Research Centre, Whitchurch Hospital, Cardiff. 
LABORATORY AssISTANT (female) for chemical and spect 
laboratory—The Secretary, Macaulay Institute for Soil R 
Craigiebuckler, Aberdeen. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


a gousal <a Testttate of of ry pet 71, 1945. Edited by 

Yaughan + (London : Institute 
of Metals, 1945.) 

Metallurgical Abstracts Sani and Non- + ps" 
(New Series). Edited by N. B. Vaughan. Pp. xi 
Institute of Metals, 1945.) 4) 

Department of Scientific and Industrial Research : Road esearch, 
Bulletin No. 4: = 
Construction. By A. 


(41 
Vol. 12, 1945 
512. (London: 


W. L. B. Beveridge and F. M. Burnet. Pp. viii + 92. dankent 
Stationery Office, 1946.) 2s. net. 

University of Cambridge: School of Agriculture. Memoir 
15-17: A list of the Papers 7 by the Members of A Staff 
of the Schoo! of Agriculture and its Associated F 
oume the Period Oct. Ist, 1042 Sept. 30th, 1945. Pp. 43. (Cam 

School of Agriculture, 1946.) 3s. 

Tuberculosis in Newfoundland. By Dr. T. O. Garland and Dr, 
P. D’Arey Hart. Pp. 58. (London: Under-Secretary of State fxr 
Dominion Affairs, 1945.) (511 

Lunacy and Mental yy ~4 The Thirty-second Annual! Report 
of the Board of Control fi Year 1945. Part 1. Pp. iv + @, 

H.M. Statione: y Office, 1946.) ls. net. 1 

of the Roya. Society of Edinburgh. Section A: Math 

matical and Physical Sciences. Vol. 62, Part 2, Nos. "81 and 2; 

Tables of Chebyshev Polynomials, by C. W. Jones, Dr. J. C. P. Muller, 
Dr. F. J. C. Conn and Dr nkhurst ; Two Numerica! A 

tions of Chebyshev Polynomials, by Dr. J. C. P. Miller. Pp. 187-210. 

4s. Vol. 62, Part 2, No. 23: The Number of the Elements. By Dr. 
N. Feather. . 211-220. ls. Od. Vol. 62, Part 2, No. 24: 

Seales in Relativity. By Dr. A. G. Walker. . 221-228. ls. BM. 

(Edinburgh and London: Oliver and Boyd, Ltd., 1946.) (611 

Proceedings of the Royal Irish Academy. Vol. 51, Section B, No. $: 
The Irish Pilchard Fishery. By Arthur E. J. Went. . 81-129. 
(Dublin: Hodges, Figgis and Co., Ltd.; London: Williams and 
Norgate, Ltd., 1946.) 2s. 6d. (611 


Other Countries 


Indian Central Cotton Committee. Manuring of Cotton in Indis 
.. Review of the Results of Cotton Manuria!l Trials carried out ia 
, with suggestions for Future Experiments. By V. G. Pamse. 

bay: Indian Central Cotton Couamittee, wat 


rupees. 
Government of Travancore. Administration Report of the Govern- 

ment Museum for ae Year 1120 M.E. Pp. 6. (Trivandrum: Gover- 

ment Press, 1946. Su 
Bulletin of the = of Comparative Sevioay of at Harvard 

Vol. 97: The Salticidz2 egg’ tin By Arthur M. C 

2S oe. Mass.: Harvard a 1946.) 


By Werner W. Due 
J. W. Foster, A. Hervey. 
A. Kleinman, Hans Molitor, Ed 
B. Raper, D. M. Reynolds, Arth 
H. Ro inson, A. Schatz, Selman A. Waksman and H. Woodruff. 
Pp. 31-218. (New York : New York Agademy of Science, 1008) (511 
Sveriges Geol Und Ser. Aa, No. 186: Beskrivning 
till kartbladet ‘ 
102 + 1 plate. 
Avesta. Av G. Lundqvist och 8. Hjelm 
4 kr. (Stockholm : Norstedt and 
Report of the TP ID Caribbean Connmntesion to the 
wos of the United ly gy and Great Britain for the Year 1945. 
Pp. 40. (Washington, D Anglo-American Caribbean 
London: Crown Agents tr the 
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